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ABSTRACT
The objective of this study was to determine if supplementation of a rumen
undegradable unsaturated fatty acid (FA) source would improve marbling in earlyweaned steers. All steers (Angus, n = 23 and Angus × Hereford, n = 24) were weaned at
150 ± 5 d of age. Steers were blocked by BW and breed then randomly assigned to either
control (CON; 1.5 kg of corn gluten feed (CGF), n = 23) or a rumen undegradable fat
isocaloric supplementation (RUF; 200 g of Megalac-R in 1.06 kg of CGF, n = 24) for 110
d (fed 5 d/wk). All steers had ad libitum access to pastures throughout treatment. Steer
BW and blood samples were collected at 0, 55, and 110 d of supplementation, and realtime carcass ultrasound measurements were collected at d 110. Following treatment,
steers were transported to Oklahoma State University for finishing and subsequent
harvesting at a commercial plant. All data were analyzed using PROC MIXED
procedure of SAS either as a repeated measures or ANOVA, depending on response
variables. There were no significant changes in BW from beginning of treatment to
harvest due to treatment. Ultrasound data showed that RUF steers tended to have more
intramuscular fat (P = 0.08) than CON steers at d 110. Serum FA concentration showed
a treatment × day interaction (P < 0.02) on 16:0, 18:0, 18:1 c-9, 18:2, 20:4, and total FA.
These specific FA concentrations increased throughout treatment in CON steers, but there
was a greater increase in the concentration of RUF steers. Serum triglyceride and
cholesterol concentrations were increased (P < 0.01) on d 55 and 110 in RUF steers
compared to CON steers. Serum leptin concentration in RUF steers was greater (P <
0.01) than CON steers at d 110. Marbling scores of the RUF carcasses tended (P = 0.09)
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to be higher than CON carcasses. There was a tendency (P = 0.09) for increased percent
total lipids in RUF steaks compared to CON steaks. There was also a tendency (P =
0.06) for RUF steers to have an increased percentage of 20 - 30 μm adipocytes in their
intramuscular depots compared to CON steers. The results of this study indicate that
supplementation of rumen undegradable unsaturated FA may positively impact marbling
deposition in early-weaned steers.
Keywords: early-weaning, marbling, rumen undegradable fat, steers
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CHAPTER I
INTRODUCTION
Over the past four decades, beef production has become more efficient by using only
69.9 % of the animals to produce 1 billion kg of beef. (Capper, 2011). Despite the
improved efficiency in beef production, there is still a need to become more efficient in
higher quality beef carcass production. Smith et al. (2000) reported that common carcass
production problems producers face include excessive carcass weights, excessive back
fat, low marbling scores, and lack of uniformity within harvest groups. Inadequacies in
beef marbling and quality grades were also reported as the number one quality challenge
facing the beef industry (Smith et al., 2006). Those inadequacies have a direct negative
impact on beef cattle production profitability (DiCostanzo and Dahlen, 2000; Hogan et
al., 2009; Cruz et al., 2012). Therefore, the beef industry is investigating methods to
improve carcass quality.
Both the beef industry and beef cattle producers could benefit by improved nutritional
and management strategies to increase carcass quality at harvest and therefore meet
consumer demands (Sharman, 2012). Management strategies that are implemented prior
to feedlot entry can influence the quality of the carcass (Anderson and Gleghorn, 2007)
as adipogenesis has been shown to be active within skeletal muscle much earlier than can
be visually detected (Wegner et al., 1998). The management practice known as early
weaning has been shown to improve carcass quality through an increase in marbling
scores (Harvey et al., 1975; Scheffler et al., 2014) and a decrease in Warner-Bratzler
shear force values (Meyer et al., 2005). Early weaning extends the time producers can
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influence marbling through nutritional supplementation, as the effectiveness of increasing
the number of intramuscular adipocytes decreases after 250 days of age (Du et al., 2010).
Traditionally, supplemental dietary fat was investigated to understand its influence on
physiological processes in beef cattle like thermogenesis in newborn calves and female
reproduction (Lammoglia et al., 1999 a, b; Hess, 2002). Recently, the effects of fat have
been investigated in the feedlot phase, with hopes to increase marbling (Zinn et al., 2000;
Gillis et al., 2004). Supplementing fats in the form of calcium salts has been shown to
decreases the level of biohydrogenation of fatty acids in the rumen and therefore increase
the amount of unmodified fatty acids available for absorption in the small intestines (Zinn
et al., 2000; Huang et al., 2009). With the growing need to improve carcass quality in an
efficient and consistent way, investigation into the combined efforts of effective
nutritional strategies and pre-feedlot based management systems might bring the beef
industry closer to its goals.
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CHAPTER II
LITERATURE REVIEW

Introduction
Beef quality and carcass price are primarily determined by the amount of
marbling (USDA, 1997). One of the major goals of the beef industry is to increase the
quality of beef carcasses and thereby the value to help increase profit margins.
Intramuscular adipose tissue/marbling is positively associated with meat quality and
therefore, an increase in the amount of marbling would increase carcass price. Meat
quality is not only measured by the amount of intramuscular adipose tissue but can also
be measured by consumer appeal based on palatability (Platter et al., 2005; Garmyn and
Miller, 2014). Intramuscular adipose tissue is mainly comprised of adipocytes, which
operate primarily to store excess energy in the form of triglycerides (Azain, 2004). Prior
to becoming adipocytes, these cells begin their life as mesenchyme stem cells (Scanes,
2003), which have the potential to develop into preadipocytes, as well as myocytes,
chondrocytes, and fibroblasts (Hausman et al., 1980; Gesta et al., 2007). The
transformation process of preadipocytes into mature adipocytes is known as
adipogenesis. Adipogenesis is affected by many positive and negative influential factors
but this review will focus on some of the mechanisms that positively impact adipogenesis
such as: peroxisome proliferator activated receptors (PPARs), retinoid X receptors
(RXRs), and CCAAT/ enhancer binding proteins (C/EBPs). Also, nutrition can influence
the development of intramuscular adipose tissue (Pethick et al., 2004). An animal’s diet
can provide adipocytes and their molecular mechanisms with the necessary components
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to initiate, inhibit, and conserve all pathways involved in the transformation of
preadipocytes into mature adipose cells. Once these intramuscular adipocytes grow into
visible adipose tissue within the meat, it is then known as marbling (Harper et al., 2001).
The amount of marbling in a beef carcass is under the influence of many factors
including genetic, environmental, and nutritional factors (Harper and Pethick, 2004).
Recently, nutritional influencers, such as fat supplementation, have been investigated to
understand the effects on marbling in feedlot cattle (Zinn and Plascencia, 2004; Nelson et
al., 2008; Araujo et al., 2010). Furthermore, certain management practices, such as creep
feeding, early weaning, and different nutritional strategies implemented during the
backgrounding, stocker, and finishing stages, have also proven to be influential.
Therefore, it is important to understand the factors that influence carcass quality and
palatability, and the influence quality has on consumer willingness to purchase and
thereby, the economic value. This review will focus on the links between adipose tissue
development, its effects on carcass quality and consumer appeal, and also the effects of
early-weaning on carcass quality.
Adipogenesis
Preadipocytes, a type of stromo-vascular cell, and mature adipocytes, also known
as fat cells, are the two types of cells that predominantly make up adipose tissue
(Cornelius et al., 1994). The mature adipocytes take on a unique rounded shape as they
fill with lipids in the form of triglycerides (Cianzio et al., 1985). Adipocytes, in general,
can range in diameter from 10 – 250 µm. However, intramuscular adipocytes are smaller
cells ranging from 40 – 90 µm in diameter (Cianzio et al., 1985). Adipose tissue is
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capable of growth by both an increase in number of cells, hyperplasia, and size of cells,
hypertrophy (Hood and Allen, 1973; Cianzio et al., 1985; Robelin, 1986). Intramuscular
adipocytes grow in a biphasic pattern, first by a wave of hyperplastic growth, followed by
a wave of hypertrophic growth, and this pattern persists throughout growth. (Allen,
1976).
Adipocytes primary function in mature animals is to act as a site for energy
utilization and energy storage. Etherton and Walton (1986) showed that 80 - 90 % of the
total body energy stores are located in the adipose tissue of animals at market weight.
Adipose tissue undergoes lipogenesis, synthesis and storage of triglycerides when energy
intake exceeds the metabolic energy needs of the animal. But when the animal
experiences a negative energy balance, then lipolysis, the breakdown of triglycerides and
release of free fatty acids, occurs (Azain, 2004; Nafikov and Beitz, 2007). In ruminants,
lipogenesis de novo substrates are acetate and glucose/lactate (Pethick et al., 2004).
Smith and Crouse (1984) showed that glucose/lactate is the main substrate in
intramuscular depots and acetate for subcutaneous depots during lipogenesis. Adipocytes
also function as a storage site for fat soluble vitamins and play a role in the immune and
reproduction systems (Cornelius et al., 1994). Through the secretion of growth hormone,
leptin, insulin-like growth factor 1, and other compounds, adipose tissue also acts as an
endocrine gland (Doglio et al., 1987; Siiteri, 1987; Klein et al., 1996).
Adipogenesis produces brown adipose tissue (BAT) and white adipose tissue
(WAT). Both white and brown adipose tissues are present in fetal tissue (Casteilla et al.
1987, Devasker et al. 2002). Brown adipose tissue contains a large amount of the unique
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uncoupling protein 1 (UCP1) and mitochondria (Alexander et al., 1975; Landis et al.,
2002; Cannon and Nedergaard, 2004). Although BAT only comprises a small percentage
of fetal tissue, it is a major contributor in energy balance of fetuses (Smith and Horwitz,
1969; Cannon and Nedergaard, 2004). Energy is utilized from BAT through nonshivering thermogenesis (Poissonnet et al., 1984; Landis et al., 2002), which is the
primary method of heat production to prevent hypothermia by most precocial mammals
(Symonds et al., 1995; Klingenspor, 2003). Most visceral fat is composed of mainly
BAT before birth, but after birth there is a transition from BAT to WAT due to an
increase in the nutritional environment (Gemmell et al., 1972; Gemmell and Alexander,
1978; Clarke et al., 1997). White adipose tissue is involved in energy balance through
lipid storage and metabolism, and it is the major site of energy storage in mammals
(Gregoire et al., 1998).
Adipocytes are originally derived from either mesenchymal stem cells (MSC)
(Kubota et al., 1989) or from a small percentage of satellite cells (Asakura et al., 2001).
Very little research has been conducted to further understand this portion of the process
of adipogenesis. However, in vitro research using the 3T3-L1 and 3T3-F442A
preadipocyte cell lines show that these cells must evolve through multiple phases of
mitosis and growth arrest before committing to terminal differentiation (Cornelius et al.,
1994; MacDougald and Lane, 1995; Hwang et al., 1997; Gregorie et al., 1998). It is the
development of established immortalized preadipocyte cell lines that enabled details of
adipocyte differentiation to be studied (Smas and Sul, 1995). First, preadipocytes
undergo proliferation by mitosis. The cells then reach confluence and are limited by cell-
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to-cell contact. Once this contact occurs, the preadipocytes cease to proliferate and
consequently undergo growth arrest. Smas and Sul (1995) state that it is the growth
arrest rather than the act of confluence that is the necessary action to begin the path to
differentiation. After growth arrest, cells will undergo several rounds of mitotic division
(mitotic colonal division) under the influence of hormones including growth hormone
(GH) and insulin-like growth factor-1 (IGF-1) (Green et al., 1985; MacDougald and
Lane, 1995; Smas and Sul, 1995). In the 3T3-F442A cell line, GH has been shown to be
necessary for differentiation to mature adipocytes and increase the sensitivity to
mitogenic effects of IGF-1 for colonal expansion (Green et al., 1985; Corin et al., 1990;
Guller et al., 1991). This response to hormones is a great example of the similarities
between mature adipocytes produced in vitro and those produced in vivo (Rubin et al.,
1977). The replication of DNA and the doubling of cells have been attributed to the
clonal amplification of committed cells (Pairault and Green, 1979). During mitotic
division, the continued replication of DNA is also thought to change the availability of
promoter/enhancer regions to transcription factors for the genes involved in the start of
differentiation (Cornelius et al., 1994). The preadipocytes terminally differentiate by
expressing certain transcription factors that terminate mitosis and initiate the conversion
of preadipocytes to mature adipocytes through the transcription of adipogenic genes
(Christy et al., 1989; Freytag and Geddes, 1992; Lin and Lane, 1994; Tontonoz et al.,
1994a; Bruns et al., 1996). Although preadipocyte cell lines have many of the same
characteristics as in vivo adipose tissue, these culture cells are aneuploidy and
subsequently could express different genes from that of in vivo adipocytes and/or
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preadipocytes (Smas and Sul, 1995). However, there are studies showing that
implantation of the differentiated culture cells into subcutaneous tissue of mice produce
adipocytes that are histologically indistinguishable from the animal’s WAT (Green and
Kehinde, 1979; Vannier et al., 1985).
Over 100 proteins are involved in terminal differentiation of adipocytes (Sidhu,
1979). The two most well-known and influential transcription factors that regulate
adipogenesis are peroxisome proliferator activated receptor γ (PPARγ) (Green, 1995;
Schoonjans et al., 1996) and CCAAT/enhancer binding proteins α (C/EBPα) (Cao et al.,
1991; Yeh et al., 1995). There are also several indirect promoters that influence
differentiation such as insulin, cortisol, and FA; they need to be in combination with
another promoter to truly influence adipocyte differentiation (Spiegelman and Green,
1980; Hauner et al., 1987; Teboul et al., 1995). Furthermore, PPARγ and C/EBPα play a
role in the transcription of many genes and the expression of certain proteins including
adipocyte protein 2 (aP2), glucose transporter 4 (GLUT-4), stearoyl-CoA desaturase-1
(SCD1), phosphenolpyruvate carboxykinase (PEPCK), and leptin (Tontonoz et al.,
1994a, 1995; Long and Pekala, 1996; Miller and Natambi, 1996; Hollenberg et al., 1997).
Peroxisome proliferator-activated receptors is a family of transcription factors that
are involved with gene expression and lipid metabolism (Issemann and Green 1990;
Tontonoz et al., 1994, 1995; Bruns et al., 1996; Chawla et al., 1994; Hu et al., 1995).
Peroxisome proliferator-activated receptor γ is a critical player in adipocyte
differentiation because it can independently induce adipogenesis and it is required for
adipogenesis (Tontonoz et al., 1994a; Tontonoz et al., 1994b; Barak et al., 1999; Kubota
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et al., 1999; Rosen and Spiegelman, 2001). There are two isoforms of PPARγ, PPARγ1
and PPARγ2 (Tontonoz et al., 1994a; Zhu et al., 1995). Although both PPARγ1 and
PPARγ2 isoforms are highly expressed in adipose tissue and promote the transition of
preadipocytes to adipocytes, PPARγ2 is more highly expressed in adipocytes and with
the addition of 30 N-terminal amino acids, PPARγ2 enhances the ability for PPAR
ligands to bind (Tontonoz et al., 1994a; Zhu et al., 1995; Vidal-Puig et al., 1996).
Tontonoz (1994b) used retroviral expression of PPARγ2 in addition to PPAR ligands to
show that the combination could initiate adipogenic differentiation in fibroblasts.
Therefore, the binding of these ligands to PPARγ leads to the downstream effects of gene
transcription that initiates adipogenic cell differentiation.
Specifically, differentiation can be activated by PPARγ ligands such as fatty acids
(Gottlicher et al., 1992; Banner et al., 1993; Kliewer et al., 1995; Schopfer et al., 2005),
but oxidized fatty acids are a more effective ligand (Nagy, 1998). Polyunsaturated fatty
acids such as linoleic, linolenic, arachidonic and eicosapentaenoic acid (EPA) are some
natural ligands that bind to PPARγ (Kliewer et al., 1997; Xu et al., 1999). Various
synthetic ligands also activate PPAR γ, one being thiazolidinediones (TZDs) that belongs
to a class of antidiabetic agents that show a high-affinity for PPARγ (Lehmann et al,
1995). In cell culture, the use of TZDs induces the expression of PPARs and enhances
adipocyte differentiation (Kletzien et al., 1992; Ibrahimi et al., 1994). Other synthetic
ligands come from the J series of prostaglandins that are derived from PGD2 especially,
15-deoxy-∆12,14-prostaglandin J2 (Yu et al., 1995; Forman et al., 1995; Kliwer et al.,
1995).
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Prior to ligand binding, these PPAR proteins form heterodimers with retinoid X
receptor alpha (RXRα) allowing the PPAR/RXR complex to bind to a DNA sequence
(Kliewer et al., 1992, Rodriguez de la Concepcion, 2004). Hausman (2003) stated that
PPARγ binds to DNA in the nucleus. The PPAR/RXR heterodimer binds with the
peroxisome proliferator response elements located on a target gene sequence (Ijpenberg,
1997; Tontonoz, 1995; and Schoonjans, 1997). Peroxisome proliferator-activated
receptor γ begins differentiation by removing transcriptional regulators from DNA coding
genes that controls with cell growth and cyclin-dependent kinase inhibitors (Rosen,
2000). Within the PPAR/RXR complex, RXRα is activated by its own ligand as is PPAR
(Kliewer et al., 1992) giving RXRα some control over PPARγ (Heyman et al., 1992).
The C/EBP family consists of three isoforms known as, C/EBPα, C/EBPβ, and
C/EBPδ, all of which play a vital role in adipogenesis. Two of the three isoforms,
C/EBPβ and C/EBPδ, are precursors for the expression of C/EBPα and PPARγ (Cao et
al., 1991; Yeh et al., 1995; Farmer, 2006; Rosen and MacDouglad, 2006; Lefterova and
Lazar, 2009). Wu et al. (1996) conducted studies on C/EBPβ and C/EBPδ that showed
observable adipocyte differentiation when C/EBPβ was overexpressed or was expressed
normally in conjunction with the ectopic expression of C/EBPδ in adipocytes. From
these results, it is suggested that adipogenesis can be credited to the expression of
C/EBPα and PPARγ, following the expression of C/EBPβ and C/EBPδ. However, in the
absence of PPARγ ligands, and if C/EBPα and PPARγ are expressed together, they can
activate the transformation of preadipocytes into mature adipocytes (Tontonoz, 1994b).
These findings support the concept that CEBPα and PPARγ work synergistically and
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reciprocally to activate the transcription of one another and the downstream promoters of
adipogenesis. A loss-of-function study was conducted by Rosen et al. (2001) using
fibroblasts lacking PPARγ to investigate if C/EBPα’s effect on adipogenesis is
completely dependent on PPARγ. The study concluded that C/EBPα is necessary for
adipogenesis, but only through the stimulation and maintenance of PPARγ; proving that
PPARγ is the true direct effector of adipocyte differentiation.
Linoleic Acid
Omega 6 polyunsaturated fatty acids’ (e.g. linoleic (18:2) and arachidonic (20:4)
acid) effect on adipogenesis has been described as both pro-adipogenic (Okuno et al.,
1997; Matsuo et al., 2002) and anti-adipogenic (Cleary et al., 1999; Massiera et al., 2003;
Prentice, 2001). Both effects have been attributed to the level of cyclic adenosine
monophosphate (cAMP) (Petersen et al., 2003). Arachidonic acid is responsible for
triggering cAMP production through the synthesis and activation of prostacyclin (Gilliard
et al., 1989, Negrel et al., 1989; Vassuax et al., 1992). Prostacyclin acts as a ligand to the
cell-surface receptor of prostacyclin receptor. Together, they can activate the expression
of C/EBP-β and C/EBP-δ (Catalioto et al., 1991; Aubert et al., 1999; Belmonte et al.,
2001).
Linoleic acid (18:2) is the precursor for arachidonic acid (20:4; Rett and Whelan,
2011). Dietary sources of fatty acids can act as adipogenic hormones by binding to the
PPARs to initiate adipogenesis and thereby, offers a link between excessive fat intake,
increase in accretion of fatty acids into adipocytes, and increased fat mass (Alihaud,
1999). When activated C/ EBP-β and C/EBP-δ initiate the increased expression of
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PPAR-γ (Cao et al., 1991; Yeh et al., 1995; Belmonte et al., 2001; Farmer, 2006; Rosen
and MacDouglad, 2006; Lefterova and Lazar, 2009) which is known as the ultimate
promoter of adipogenesis (Tontonoz et al., 1994a,b; Barak et al., 1999; Kubota et al.,
1999; Rosen et al., 2001). Therefore, under the right circumstances, an increase in
linoleic acid could ultimately increase the expression of PPAR-γ and therefore,
adipogenesis.
Adipose Depots
Beef cattle production profitability due to carcass characteristics is directly
affected by adipose tissue and its quantity in different adipose depots (Cruz et al., 2012).
For example, the amount of intramuscular fat affects the quality of the meat and
therefore, the price of the carcass; while the amount of subcutaneous fat affects the lean
meat yield, also known as cutability, of the carcass (Dikeman et al., 1998; Killinger et al.,
2004). Bovine adipose depots differ in adipocyte size (Moody and Cassens, 1968) and
time of depot development and growth. There are four main adipose depots in ruminants:
intermuscular, intramuscular, visceral (including mesenteric, omental, and perirenal), and
subcutaneous.
Many factors influence the amount and timing of fat accretion throughout the
body but they are still not fully understood. It has been suggested that the partitioning of
fat across different depots is effected by breed (Ledger, 1959; Charles and Johnson, 1976;
Kempster et al., 1976; Williams, 1978) and that certain breeds have a higher potential for
marbling (Pickworth et al., 2011). Differences in adipocyte deposition due to breed in
cattle have even been shown to occur in utero (Taga et al., 2011). Nutrition can also
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influence fat deposition. For example, Morris and Zemel (2005) investigated the effect
of energy content of the diet on adiposity and determined it has an influence on the size
of adipocytes. They reported that a diet with a greater energy content or more readily
available energy can increase the size of adipocytes. Furthermore, Corah and McCully
(2006) showed that management practices and nutrition can either work together or
impede each other to alter where fat accretion occurs. Age has also been identified as a
factor that influences when lipids begin to accumulate within adipocytes (Cianzio et al.,
1982). This is important because unlike bone and muscle, the deposition of fat in animals
continues to develop with age (Hood and Allen, 1973). Although much research has
already been conducted to describe these factors, situations where fat deposition and
accretion differ in cattle of the same breed and in similar management conditions
(Pickworth et al., 2011) or when fat development differs within depots (Cianzio et al.,
1985) highlight the need for further, more in-depth investigation.
The general order of adipose depot development is visceral, intermuscular,
subcutaneous, and intramuscular (Vernon, 1981; Pethick et al., 2004). Although visceral
depots develop earliest, only 20% of the fat in beef steers is associated with the viscera
while the remaining 80 % is associated with the meat product of the carcass (Cianzio et
al., 1985). Cianzio et al. (1985) conducted an experiment using steers from 11-19 mo of
age investigating the adipocyte depot changes during growth. They classified the
adipocyte size from largest to smallest as follows: kidney, pelvic, and heart fat (KPH),
mesenteric, subcutaneous, intermuscular, and intramuscular.

13

Fat that is in close association with the viscera of an animal is known as the
visceral fat depot. The perirenal fat of the visceral fat depot along with the fat associated
with the heart and pelvic regions, in production, is converted into a carcass characteristic
known as KPH (McPhee et al., 2008). The percent KPH of empty carcass weight is a
factor that helps determine the carcasses’ yield grade and therefore, value. Visceral
depots have a much higher triglyceride turnover rate, indicating a higher metabolic rate,
compared to subcutaneous (Murphy, 2006). Furthermore, fat cells in visceral depots
have a higher leptin expression compared to subcutaneous fat (Chilliard et al., 2001; Ren
et al., 2002). Many studies have been and are still being conducted to try to understand
the deposition of visceral fat due to its relationship with many diseases in humans
(Matsuzawa et al., 1995; Despres, 2007).
Intermuscular fat, also known as seam fat, refers to the fat between muscles.
Throughout post-natal growth, the ratio of intermuscular to total fat decreases and
thereby, we can conclude that it is an early developing depot (Cianzio et al, 1982). This
depot is not directly related to carcass quality, but it would still be ideal for producers to
reduce the fat deposition in the intermuscular depot (Hood and Allen, 1973; Du et al.,
2011).
The subcutaneous fat depot is located beneath the surface of an animal’s skin or
hide. Hood and Allen (1973) suggested that subcutaneous adipose tissue is an earlier
developing depot and that hyperplasia is nearly complete within that depot by 8 mo of
age. However, Robelin (1981) concluded that during the growth period (15 - 65 % of
mature weight) subcutaneous tissue experienced much more hyperplasia than other
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adipose tissues. He further noted that subcutaneous fat is known to be a late developing
tissue. For larger-framed steers, subcutaneous fat accumulated at a faster rate than total
fat (Cianzio et al, 1982).
The visible flecks of white fat that are located within the muscle of an animal are
known as marbling and make up the intramuscular fat depot (Harper et al., 2001). It is
traditionally believed that intramuscular fat is a late developing depot due to hyperplasia
still being active as late as 14 mo of age (Hood and Allen, 1973). However, Wegner et
al. (1998) reported that adipogenesis is active within muscle as early as 6 months of age,
much earlier than is evidenced by marbling. Therefore, intramuscular depots can instead
be considered a late maturing depot. Oddy et al. (2000) reported that the intramuscular
fat percentage at the end of the finishing period was related (r = 0.364) to the
intramuscular fat percentage at the beginning of the feedlot period. Therefore, adipocytes
that are present upon entering the feedlot continue to grow by fat accretion (Hood and
Allen, 1973) and by the addition of new adipocytes (Leibel et al., 1989). The
intramuscular depot increases at a similar rate to total fat in beef steers (Cianzio et al,
1982). Also, the largest adipocytes within the intramuscular depot are within the largest
flecks of intramuscular tissue in a particular muscle (Moody and Cassens, 1968). This is
another depot that is translated into a carcass characteristic. Intramuscular fat is
converted into a percent of fat within the muscle to help predict the quality grade of meat
product (Jost et al., 1983; McPhee et al., 2008).
According to Cianzio et al. (1985), the majority of fat produced in an animal is
found in the carcass. In the current beef industry, there is a desire to increase the amount
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of intramuscular fat while decreasing the amount of subcutaneous, intermuscular, and
visceral fat. This would be ideal since the subcutaneous, intermuscular, and viscera
depots contribute to excess fat trim and economic loss instead of a positive effect on meat
quality (Hood and Allen, 1973). Through continued investigation and a greater
understanding of the processes of the development of these fat depots, scientists and
producers might better be able to effectively increase the quality of beef while decreasing
excess fat.
Marbling
Marbling, the visible white flecks of adipose tissue, is located within the muscle
fibers of skeletal muscle (Harper et al., 2001). Marbling is often referred to as
intramuscular adipose tissue. Adipocytes are not the sole component of intramuscular
adipose tissue, which also includes connective tissue and a blood supply (Harper and
Pethick, 2004). The intramuscular adipose tissue is visible to the human eye when there
is a cluster of 10-15 cells (Cianzio et al., 1985; May et al., 1994; Lee et al., 2000). It is
the white flecks of fat that USDA graders visually assess to assign the carcass a USDA
Quality Grade (Greiner, 2002). The amount of marbling, through the quality grade, has
an influence on the value of the carcass as well (USDA, 1997). However, there is a base
value (price) for beef that involves carcass weight, quality grade, and yield grade and
then accounts for any premiums or discounts (i.e., USDA Premium grade, USDA
Standard grade, dark cutter, ect.). The base price usually falls on carcasses weighing
between 249.5 and 408.2 pounds, grading USDA Choice and having a USDA Yield
Grade of 3 (DiCostanzo and Dahlen, 2000; Hogan et al., 2009). Like many other beef
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industries, in the United States an increase in marbling leads to an increase in the
carcasses quality (Japan Meat Grading System Association, 1988; USDA, 1997;
Canadian Beef Grading Agency, 2006).
Furthermore, marbling influences the carcass quality through means other than
the USDA grade. The amount of intramuscular fat influences the tenderness, juiciness,
and flavor of meat, also known as palatability (Jost et al., 1983). Tenderness is generally
assigned by consumers as the greatest contributor to overall palatability (Smith, 1972;
Savell et al., 1987; Miller et al., 1995, 2001). Tenderness is influenced by multiple traits
including the actomyosin effects- the contractile state of actomyosin and/or integrity of
the Z line, the amount of connective tissue within the meat, and the amount of
intramuscular fat that replaces protein in the meat along with the intramuscular
distribution throughout the meat (Smith et al., 1973). Wood (1990) attributed tenderness
to the location of the adipose tissue between muscle fiber bundles; it aids in breaking up
the muscles structure allowing for easier breakdown in the consumers mouth. The
tenderness of meat is often measured by the Warner-Bratzler shear force (WBSF) value
and a negative correlation has been shown between the WBSF value and the age or
growth of cattle (French et al., 2001; Purchas et al., 2002). Juiciness, however, is a
product of initial fluid release and retained juiciness that occurs due to fat’s influence on
salivation (Weir 1960; Bratzler, 1971). Pearson (1966) reported that the initial fluid
release is affected by the method of cooking and the level of doneness, but the retained
juiciness is due to the intramuscular fat content. The variations in juiciness can be due to
a particular meat’s adipose content, moisture content, and water-holding capacity (Berry,
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1972). The water-holding capacity of meat can be attributed to moisture being stored
within muscle by being trapped by lipids within the adipose tissue and subsequently
lubricate the muscle fibers during heating (Smith and Carpenter, 1974; Wood et al.,
2004). When tenderness is deemed acceptable, flavor becomes the next important factor
to consumers (Goodson et al., 2002; Killinger et al., 2004; Behrends et al., 2005a,
2005b). The combination of taste and odor make up the flavor in beef (Legako et al.,
2015). The fat within meat can influence flavor through the effects of fatty acids on
oxidation and the storage of odorous compounds (Hornstein, 1971). Many of the
influential compounds include: hydrocarbons, aldehydes, ketones, alcohols, furans,
thriphenes, pyrrols, pyridines, pyrazines, oxazols, thiazols, sulfurous compounds, and
others released during heating (Hornstein, 1971; Ho et al., 1994; MacLeod, 1994). The
influence of fatty acid content on meat flavor differs between ruminants and nonruminants due to differences in digestion of fatty acids (Calkins and Hodges, 2007).
Studies have identified the relationship between marbling and palatability as lowto-moderate (r = 0.24 - 0.84) (Briskey and Bray, 1964; Jeremiah et al., 1970; Smith et al.,
1987, Emerson et al., 2013). Smith et al. (1984), however, reported that the correlation (r
= 0.24 – 0.34) was strong in specific muscles such as the Longissimus dorsi (LD) from
young (A-maturity) carcasses. Marbling scores, which are determined from the 12th rib
LD muscle area, are used to assign beef carcass quality grades. The USDA has eight
Quality Grades for beef including the following: USDA Prime, Choice, Select, Standard,
Commercial, Utility, Cutter, and Canner. In addition to the marbling within the area of
the 12th rib LD, the age of the carcass is determined. The physiological maturity is
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assessed by the color of lean in the LD and the amount of ossification in the vertebral
column of each carcass (USDA, 1997).
Consumer satisfaction is a major contributor in the demand for beef (Moeller and
Courington, 1998). Gaining more insight into consumer willingness to purchase beef of
different quality grades would help the industry understand the level of economic
incentive available for improving the quality and palatability of beef products (Platter et
al., 2005). According to The Beef Customer Satisfaction Survey, although many factors
affect the overall like ratings of cuts including top round, top sirloin, and top loin steaks,
they found that flavor and tenderness contribute equally high influence on the overall like
ratings (Neely et al., 1998, 1999; Lorenzen et al., 1999; Savell et al., 1999). In addition,
recent studies have shown consumers favor the taste of meat with a higher marbling
score, according to the current grading system (Platter et al., 2003; Killinger et al., 2004;
Emerson et al., 2013), and that consumers take quality grades into account when selecting
steaks for purchase (Mennecke et al., 2007). Platter et al. (2005) conducted a consumer’s
willingness-to-pay study where they investigated the influence of palatability traits (in the
form of marbling scores and WBSF) on a consumer’s willingness to pay. They utilized
an experimental method known as auction bidding that is believed to produce a more
reliable estimate of consumers’ willingness to pay compared to the more traditional
hypothetical willingness-to-pay survey method (Davis and Holt, 1993; Kagel and Roth,
1995). Platter et al. (2005) concluded that consumers were more willing to bid on steaks
with a high marbling score or a low WBSF value. They also observed that as WBSF
values increased it was more likely that consumers would not bid on that steak. The
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authors stated that consumers were more likely to refuse to bid on steaks in the Low
Choice and Select grades than Premium Choice or Premium grades.
It is evident that marbling plays a major role in the quality and value of meat. The
primary determinant for carcass price, for the USDA beef grading system, is the
abundance of marbling (USDA, 1997). Marbling is primarily composed of intramuscular
fat and is valued at the 12th rib LD muscle. The amount of marbling influences the
tenderness, juiciness, and flavor of the beef product. Those three meat characteristics
influence the consumers’ level of acceptance of the product. Altogether, marbling is a
visual measure of meat quality, an influencer of meat palatability, and a determinate of
consumers’ willingness to pay.
Early Weaning
Beef calves are traditionally weaned between 180-250 days of age in the United
States (Williams et al., 1975; Neville et al., 1977; Richardson et al., 1978; Pickworth et
al., 2012). When calves are weaned prior to 180 days, this practice is known as early
weaning (Bellows et al., 1974; Harvey et al., 1975). Weaning calves early can be
implemented to aid producers in situations where cows lack optimal body condition at the
time of calving (Lusby et al., 1981) or when forages are insufficient in quality and/or
quantity (Peterson et al., 1987). Under those circumstances, early weaning is a tool that
can be used to reduce the nutrient requirements of the lactating female and will allow her
to more easily gain weight and body condition (Story et al., 2000). Also, as a dam’s milk
production begins to decline around two to three months of lactation, the calf is not
receiving a sufficient amount of nutrients from the dam anymore and the dam is
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expending a lot of energy to continue supplying that milk (Robinson et al., 1978;
Scheffler et al., 2014). Therefore, weaning calves early can benefit the calf by offering a
more nutrient dense diet and the dam by decreasing her energy output and transitioning
her energy utilization to improving her own weight and body condition. As for feed
availability, early weaning can greatly reduce the amount consumed by both calf and cow
while also improving the calf’s feed efficiency (Peterson et al., 1987).
Whatever the motivation is for using an early weaning system, this production
method potentially poses both positive and negative effects for a producer. Shortening
the lactation period can improve the dam’s reproductive efficiency by returning her to
cyclicity sooner following parturition and increasing her average daily gain (ADG)
(Myers et al., 1999). Dams also benefit from early weaning through an increase in
conception rate, reduced postpartum period, reduced feed intake, and expansion of cull
cow market (Bellows et al., 1974; McKee et al., 1977; Lusby et al., 1981). Additionally,
a first-calf heifer can increase her body condition score (BCS), improve pregnancy rate,
and decrease her calving interval (Arthington and Kalmbacher, 2003). Ciminski et al.
(2002) reported that for every 2 weeks a calf suckles on a spring-calving cow, that cow
loses one tenth of a BCS. Therefore, weaning at 150 days rather than 210 days can save a
cow almost half a BCS. However, this effect on BCS could be due to region and
production schedule as this study was performed on the sandhills range where the forages
available are very different. It has also been stated that even if a cow has a low BCS at
calving, if her calf is weaned before or early in the breeding season, the cow’s
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reproductive performance can still be improved (Laster et al., 1973; Lusby et al., 1981;
Barnes et al., 1996).
Early weaning also offers many benefits to calf production such as an increase in
ADG and overall body weight (BW), heavier calves at time of normal weaning, decrease
in grazing pressures, improved feedlot performance, and decreased WBSF value prior to
aging (Arthington et al., 2005, Meyer et al., 2005; Scheffler et al., 2014). Furthermore,
there are many economic benefits through improved reproductive performance of dams,
expansion of calf marketing options, production of younger calves at slaughter, improved
carcass quality, higher marbling scores, larger longissimus muscle area (LMA), and a
greater feed efficiency (Lusby et al., 1981; Whittier, 1995; Fluharty et al., 2000; Meyer et
al., 2005; Scheffler et al., 2014).
From a nutritional standpoint, early weaning can benefit the calf by enhancing the
effects of nutritional treatments. For instance, Harper and Pethick (2004) explained that,
because younger animals are more likely to have a greater number of multipotent stem
cells and preadipocytes, it would be most effective to apply a nutritional treatment early
on in the animal’s life. One study that involved supplying high starch vs. low starch diets
to early-weaned steers concluded that the diets effects were greatest during the early
growing phases (Grauganard et al., 2010). Vernon (1981) stated that intramuscular fat
develops late in life; however, Wegner et al. (1998) reported that the early stages of
adipocyte development within the muscle occurs much earlier than can be detected by
macroscopic expression of the traits. Therefore, depending on what the producer is
hoping to accomplish, it is important to keep in mind that the age of the animal has a
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great impact on adipocyte development and that developmental programs involving
growth and age can influence significant changes in the distribution of fat and overall fat
accumulation (Vernon, 1981; Kirkland et al., 2002).
Methods of weaning calves will vary from producer to producer but there are
three weaning systems that are the most generally used weaning styles. Rasby (2007)
stated that the most common method was to move calves away from any sort of contact
with the dam. Another practice is to move the dams away from the calves for an initial 35 days. After that time period the calves’ and the dams’ locations are reversed. This
method is said to reduce stress of the calves by maintaining a familiar environment
during the first part of weaning. Price et al. (2003) described a method known as fenceline weaning. This method involves placing calves and dams in adjacent pastures that
allows them nose-to-nose contact through the fence-line. This method is thought to
minimize stress through maintained contact but still prevents suckling.
There have been numerous studies conducted to investigate early weaning
methods and the effects of early weaning on both calf and dam. However, most early
weaning studies are done in conjunction with a nutrition study, making it impossible to
determine the effects of early weaning without the nutritional influences. Therefore, we
will look into a few typical feeding practices of early weaned calves and their positive
and negative effects.
Scheffler et al. (2014) conducted a study using 24 Angus-sired steers; half were
early weaned (EW) at 105 ± 6 days of age and the other half were weaned normally
(NW) at 253 ± 6 days of age. The early-weaned steers were fed a high-forage diet for
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148 days while the normal-weaned steers remained on pasture with their dams. After the
148 days of treatment, both groups were put on pasture for 154 ± 6 days. Finally, both
groups were moved to a feedlot and transitioned to a high-concentrate diet. This study
showed that the EW steers were heavier than the NW steers at normal weaning age, the
EW steers had a greater ADG from 105-253 days and were heavier entering the feedlot,
and the EW steers finished with heavier carcasses, and higher marbling scores (12
scoring Prime). However, not all benefits were in favor of early weaning. The NW steers
actually gained more during the pasture grazing phase. No difference was shown
between NW and EW steers in feedlot performance, yield grade, 12th rib fat thickness, or
carcass adjusted ribeye area.
Another early weaning study performed by Fluharty et al. (2000) used 78 Angus
crossed cow-calf pairs. Thirty-nine of the calves, from the cow-calf pairs, were weaned
early at the age of 103 ± 3 days, while the other 39 calves remained on pasture with their
dams. The early-weaned calves were placed in a single pen and fed a high-concentrate
diet for 100 ± 3 days. At 203 ± 3 days, the other 39 calves were weaned from their dams
and were shipped to a feedlot along with the EW calves. The calves were given 29 days
to adjust and for quarantine. After 29 days, the calves were assigned to one of four
treatment groups. The four treatment groups were 1) ad libitum, 100 % crude protein
(CP); 2) ad libitum, 120 % CP; 3) step-up program, 100 % CP; and 4) step-up program,
120 % CP. The step-up program worked such that the calves allotted were fed 85% the
amount of feed that the ad libitum group received for 55 d. From day 56-112 the calves
were fed 92.5 % of ad libitum and from 113 d until slaughter, they were fed ad libitum.
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All calves were harvested at 545 ± 10 kg BW. In this experiment, EW steers had a 56 %
higher ADG prior to normal weaning, but NW calves had a higher ADG for the first 55
days of finishing and there was no statistical difference for the remainder of the
experiment. Early-weaned calves showed a higher BCS prior to normal weaning, heavier
weights at normal weaning and upon entering the feedlot, and greater gain from early
weaning to normal weaning. Additionally, the EW calves reached market weights 33
days earlier, on average, than NW calves.
In addition, Myers et al. (1999) conducted a two year study to evaluate
differences between EW and NW steers while applying a creep-feeding phase to half of
the NW steers. The second year also compared different breeds of cattle. The same three
treatments were used in both years of the experiment. The treatments were as follows: 1)
early weaned (EW) and put on a finishing diet; 2) supplemented for 55 d while nursing
on dam in pasture and then weaned at a normal age and put on a finishing diet (NWC);
and 3) unsupplemented but remained on pasture to nurse on dam until normal weaning
and then placed on a finishing diet (NW). The first year study started with 84 Angus ×
Hereford steers and allocated 28 steers per treatment. The EW steers were weaned at 177
± 9 d of age, while the NWC and NW steers were weaned at 231 ± 9 d of age. The
second year study had 167 steers (83 = Angus × Hereford, 40 = Angus × Simmental, 44 =
Angus × Wagyu) and allocated 56 steers were allocated per treatment. The EW steers
were weaned 158 ± 21 d of age, while the NWC and NW steers were weaned at 213 ± 21
d of age. All steers were fed until they reached the desired BCS end point. Results from
this study revealed that the EW steers were 19 kg heavier at harvest than the average
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harvest weight of NWC steers with creep feed and NW steers without creep feed for both
year one and two. Early-weaned steers also had 11 kg heavier carcasses than the average
of NWC and NW for year one and 9 kg heavier carcasses in year two. The EW steers
were more efficient for both years of the study compared to the average of NWC and
NW. During the first year’s study, EW had a greater height change than the average of
NWC and NW. Also, EW steers exhibited a slightly higher yield grade and an increased
marbling score for both years compared to the average of NWC and NW, although there
was no difference in the percentage of assigned yield grades between treatments. The
marbling scores showed improved percentage of steers grading USDA average Choice or
higher in both years but in the second year the EW steers also had a greater percentage
that graded USDA Prime. Despite these benefits, this study showed the EW steers had to
be fed for a longer amount of time compared to the average length of NWC and NW for
both years, although age at slaughter was similar. Early weaned steers had an increase in
percentage of kidney, pelvic, and heart fat compared to NWC and NW for both years. In
addition to changes in calf performance and carcass traits, this experiment showed
improved performance of cows that had calves that were weaned early. This improved
performance was shown through a heavier body weight at the time of normal weaning,
increased ADG, higher BCS, and improved pregnancy rates. However, it is important to
note the wide range of weaning ages in this experiment which could lead to skewed and
inaccurate results.
In conclusion, early weaning can be implemented for many reasons and can be
tailored to a producers’ situation. Early weaning offers many benefits including;
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increased calf feed efficiency, BW, ADG, and marbling score, along with increased dam
conception rate and ADG and decreased energy output and postpartum period. However,
there are some drawbacks to early weaning such as an increase in cost of production and
management time and effort. Results between studies differ by both benefits and
drawbacks. Therefore, it is ultimately up to the producer to assess their particular
situation and determine if early weaning is right for their herd.
Fat Supplementation
Fat is primarily used as an energy source in ruminant diets because it contains
2.25 times the energy value compared with carbohydrate and protein sources (NRC,
2007). Dietary fat can also be used to decrease the dustiness of feed and improve
palatability. However, Hess et al. (2007b) stated that there is an increase in the interest in
fat supplementation due to its influence on physiological processes and/or alteration of
fatty acid composition of ruminant food products. Diets that contain > 5 % of tallow or
animal and vegetable fat blends have shown to decrease DM intake and fiber digestibility
(Byers and Schelling, 1993; Coppock and Wilks, 1991); however, the 2001 Dairy NRC
stated that fat could be included in the diet up to 6 - 7 %.
Common fat sources utilized in ruminant diets include: canola, cottonseed,
safflower seed, soybeans, and sunflower seed (Staples et al., 1998; Williams and Stanko,
1999). Beef cattle supplemental fat also includes calcium soaps of fat, FFA, fishmeal,
flaked fat, hydrogenated fat, medium-chain, prilled fat, tallow, triglycerides, and yellow
grease (Staples et al., 1998; Williams and Sanko, 1999). Fats from oilseeds are mostly
comprised of polyunsaturated fatty acids (PUFAs) while rendered animal fats (tallow and
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yellow grease) and refined fats (prilled fats and calcium soaps) are mostly comprised of
monounsaturated (MUFAs) and saturated fats, respectively (Coppock and Wilks, 1991)
Upon entry into the rumen, dietary fat undergoes hydrolysis, the process of
separating fatty acids from glycerols found in triglycerides, phospholipids, and
galactolipids (Funston, 2004). The free fatty acids then undergo biohydrogenation.
During biohydrogenation, the microorganisms within the rumen remove the double bonds
of unsaturated fatty acids and sometimes shift their orientation (Mattos et al., 2000) as
unsaturated fatty acids are toxic to the microorganisms (Maia et al. 2010). Intestinal
digestibility of supplemental fat is low, due to 65 % of dietary fatty acids undergoing
complete ruminal biohydrogenation (Plascencia et al., 1999). Though few unprotected
fatty acids escape the rumen without undergoing complete biohydorgenation, the small
intestines are the major site of fatty acid absorption. High concentrate diets that result in
a decreased ruminal pH (Van Nevel and Demeyer, 1995; Van Nevel and Demeyer, 1996),
diets high in fat that negatively impact the microorganisms (Jenkins, 1993), and
supplemental fat in the form of calcium salts can all decrease the rate of
biohydorgenation within the rumen (Jenkins and Palmquist, 1984 and Wu et. al., 1991).
Despite the high percentage of biohydrogenation of fatty acids in the rumen,
many studies have shown that fat supplementation can have a positive influence on
carcass composition and performance (Zinn, R. A., 1989; Zinn, R. A., 1992; Zinn, R. A.,
and A. Plascencia, 1996; Zinn et al., 1998; Andrae et al., 2001; Zinn, R. A., and A.
Plascencia, 2004; Pavan et al., 2007; Nelson et al., 2008). These studies reported that
supplemental fat at certain levels (< 6 %) can increase feed efficiency, dietary NEm and
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dressing percentage of cattle (Zinn, 1989, Zinn and Plascencia, 1996; Zinn et al., 2000;
Zinn and Plascencia, 2004; Pavan et al., 2007; Nelson et al., 2008). In diets with an
energy density up to 1.90 Mcal/kg NEm, the addition of fat to the diet can increase energy
intake and subsequently increase ADG and feed efficiency (Plegge et al., 1984).
Increasing the supplemental fat level has been reported to decrease ADG, DMI, feed
efficiency, and dietary NE (Zinn and Plascencia, 2004). However, the method of
supplementation does not affect the dietary NE (Zinn and Plascencia, 2004). Studies
reported an increase in marbling score due to fat supplementation (Zinn, 1989; Zinn and
Plascencia, 1996; Andrae et al., 2001). However, other adipose depots (KPH and
subcutaneous) increased with fat supplementation as well (Zinn, 1989; Pavan et al., 2007;
Nelson et al., 2008). Fat supplementation has been reported to alter the fatty acid content
of the meat (Andrae et al., 2001; Nelson et al., 2008).
Although the majority of dietary fat undergoes major alterations within the rumen
through hydrolysis and biohydrogentaiton; it still has the potential to positively influence
carcass composition and performance. The effects of fat supplementation may differ due
to fat source, level of fat provided, or main diet composition. The full effect of fat
supplementation on beef carcasses is not fully understood and therefore, requires
additional research.
Summary
The beef industry’s search for improved quality has led to many methods of
improving carcass quality. However, a greater understanding of the development of the
adipocytes within the muscles of the carcass is necessary. First, a better understanding of
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the pathways of MSC and their development into adipocytes is needed (Kubota et al.,
1989). Continued use of established immortalized preadipocyte cell lines, as well as
conducting more in vivo studies will further our understanding of the process of
adipogenesis. The two most influential transcription factors involved with adipogenesis,
PPARγ and C/EBPα, are also the most well-known (Cao et al., 1991; Yeh et al., 1995;
Green, 1995; Schoonjans et al., 1996) and can continue to further our understanding.
Linoleic acid’s influence on adipogenesis, as PPAR ligand and precursor to downstream
adipogenic reactions also plays a major role (Gaillard et al., 1989; Negrel et al., 1989;
Vassaux et al., 1992; Kliewer et al., 1994). Additional work needs to be done with
PPARγ ligands, as PPARγ is the ultimate promoter of adipogenesis (Tontonoz et al.,
1994a,b; Barak et al., 1999; Kubota et al., 1999; Rosen et al., 2001) and is dependent on
its ligands to initiate it. If we can understand the substances that influence the ultimate
promoter of adipogenesis, then we can potentially control the occurrence and rate of
adipocyte development and growth.
In addition to searching for a better understanding of adipogenesis, there is a
desire to develop ways to influence adipogenesis within specific depots. For example, the
intramuscular fat depot has a positive influence on carcass quality (Jost et al., 1983;
McPhee et al., 2008). It would be advantageous to increase the amount of marbling and
subsequently, the consumers’ willingness to pay (Platter et al., 2003; Killinger et al.,
2004; Emerson et al., 2013). In contrast, subcutaneous and visceral fat depots have a
negative effect on yield grade, and therefore carcass price (USDA, 1997; Pickworth,
2009). An increase in subcutaneous and visceral fat leads to a decrease in cutability
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(USDA, 1997; Dikeman et al., 1998; Killinger et al., 2004); therefore, it would be
advantageous to decrease the amount of adiposity in these depots.
Although marbling has traditionally been thought of as a late-developing adipose
depot (Hood and Allen, 1973; Cianzio et al., 1985; May et al., 1994; Schoonmaker et al.,
2004a), the investigation into the early-weaning production practice has shown an
improvement in carcass quality through increased marbling in calves that are weaned
early and fed a high-concentrate diet (Loy et al., 1999, Schoonmaker et al., 2003;
Schoonmaker et al., 2004ab). Improved marbling, as well as feedlot performance, has
also been reported from the supplementation of fat (Zinn, 1989, Zinn and Plascencia,
1996; Zinn et al., 2000; Andrae et al., 2001; Zinn and Plascencia, 2004; Pavan et al.,
2007; Nelson et al., 2008). The findings from early-weaning studies combined fat
supplementations and the understanding that final intramuscular fat percentage is related
to the intramuscular fat percentage at the beginning of the feedlot phase (Oddy et al.,
2000) leads to the conclusion that the early stage of growth is a critical period for the
deposition of intramuscular adipose tissue despite it being a late maturing depot (Pethick
et al., 2004; Wegner et al., 1998).
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CHAPTER III
THE EFFECT OF SUPPLEMENTING RUMEN UNDEGRADBALE UNSATURATED
FATTY ACIDS ON MARBLING IN EARLY-WEANED STEERS
Abstract
The objective of this study was to determine if supplementation with Megalac-R,
rumen undegradable unsaturated fatty acids (FA), improved marbling in early-weaned
steers. All steers (Angus, n = 23 and Angus × Hereford, n = 24) were weaned at 150 ± 5
d of age. Steers were blocked by BW and breed then randomly assigned to either control
(CON; 1.5 kg of corn gluten feed (CGF), n = 23) or isocaloric supplementation of a
rumen undegradable fat source (RUF; 200 g of Megalac-R in 1.06 kg of CGF, n = 24) for
110 d (fed 5 d/wk). All steers had ad libitum access to pastures throughout treatment.
Steer BW and blood samples were collected at 0, 55, and 110 d of supplementation, and
real-time ultrasound measurements were collected at d 110. Following treatment, steers
were transported to Oklahoma State University for finishing and subsequent harvesting at
a commercial plant. All data were analyzed using PROC MIXED procedure of SAS
either as a repeated measures or ANOVA depending on parameters. There were no
significant changes in BW from beginning of treatment to harvest due to treatment.
Ultrasound data showed that RUF steers tended (P = 0.08) to have more intramuscular fat
than CON at d 110. Serum concentrations of FA showed a treatment × day interaction (P
< 0.02) for 16:0, 18:0, 18:1c-9, 18:2, 20:4 and total FA. These specific FA
concentrations slightly increased in CON steers, but there was a more pronounced
increase in the concentration of these FA across the supplementation period in EFA
steers. Serum triglyceride and cholesterol concentrations were increased (P < 0.01) on d
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55 and 110 in RUF steers compared with CON steers. Serum leptin concentration in
RUF steers was greater (P < 0.01) than CON steers at d 110. After slaughter, yield
grades of the RUF carcasses were greater (P = 0.04) than CON carcasses. Marbling
scores of the RUF carcasses tended (P = 0.09) to be higher than CON carcasses. There
was a tendency (P = 0.09) for the percentage of total lipids to increase for RUF steaks
compared with CON. There was also a tendency (P = 0.06) for RUF to have a greater
percentage of 20 - 30 μm adipocytes in their intramuscular depot than CON. The results
of this study may indicate that supplementation of unsaturated FA can positively impact
marbling deposition in early-weaned steers.
Introduction
Currently, one of the interests of the beef industry is finding methods to improve
the quality of carcasses. One of the most common ways to increase carcass quality is by
increasing the amount of intramuscular (IM) fat, also known as marbling. By increasing
marbling, one increases the palatability traits including tenderness, juiciness, and flavor
(Jost et al., 1983) while also increasing the carcass price (USDA, 1997). A production
practice known as early weaning has been shown to improve carcass quality by
increasing marbling scores (Harvey et al., 1975; Scheffler et al., 2014) and decreasing the
Warner-Bratzler shear force values (Meyer et al., 2005). This may be due to
adipogenesis being active within the muscle much earlier than is evident by marbling
(Wegner et al., 1998). The utilization of supplemental fats in cattle diets has also been
investigated for many years (Ashes et al., 1992; Moallem et al., 1997; Staples et al.,
1998; Duckett et al., 2002). Producers have begun to expand their investigation of fat
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supplementation from reproduction to the influence on fatty acid (FA) content within the
meat (Hess et al., 2007a). Furthermore, calcium salts have been shown to decrease
biohydrogenation of FA within the rumen which will increase the amount of unsaturated
fats available for postruminal absorption (Zinn et al. 2000; Huang et al., 2009). For this
study, we combined nutritional and environmental influences with an objective to
investigate the effects of supplemental rumen undegradable unsaturated fatty acids and
early weaning on marbling in beef steers.
Materials and Methods
All procedures were approved by Clemson University’s Institutional Animal Care and
Use Committee (AUP# 2013-013).
Animals
Forty-seven steer calves with an average weaning weight of 210.5 kg were
utilized for this experiment. All steers were castrated within 24 h of birth. All steers
were Angus sired out of an Angus (AN) or an Angus × Hereford (AN/HP) dam between
2 to 17 yr of age. Steers were weaned at 150 ± 5 d and were stratified into 6 blocks
according to time of weaning. Following weaning, the steers underwent a 14 d
adaptation period in a pen separated from their dams. Seven d post weaning, the steers
were introduced to individual feeding using a 20:80 ration of corn gluten feed (CGF) and
oats. Immediately after the adaptation period, the steers began treatment. Steers were
assigned to one of two treatment groups for 110 d based on BW and breed. The
treatments were either the control group (CON; n = 23) fed 1 kg of the 20:80 ration or the
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rumen undegradable fat group (RUF; n = 24) fed 0.56 kg of the 20:80 ration plus 0.2 kg
of Megalac-R (Church & Dwight Co., Inc., Princeton, NJ). These treatments were
formulated to be isocaloric and were fed to the steers individually 5 d/wk. The fatty acid
profile and composition of Megalac-R is shown in Table 1. During the fourth wk, the
steers were gradually advanced from a 20:80 ration to an 80:20 ration, by increasing the
ratio each day of 5 d of supplementation in the following sequence: 20:80, 30:70, 50:50,
70:30, and 80:20. After 30 d on treatment, CON steers were fed 1 kg of CGF and RUF
steers were fed 0.56 kg of CGF plus 0.2 kg Megalac-R. At d 55 of treatment, CON steers
received 1.5 kg CGF and RUF steers received 1.06 kg CGF plus the 0.2 kg of Megalac-R.
With 18 d left on treatment, all supplement availability was increased; CON steers
received 2.0 kg of CGF while RUF steers received 1.56 kg CGF plus 0.2 kg Megalac-R.
Throughout the experiment, the steers had ad libitum access to bermudagrass, novel
endophyte tall fescue, and wild type endophyte infected tall fescue pasture (average of
8000 kg/ha, 10 % CP, 55.7 % TDN, 1.3 Mcal/kg of NEm, ADF of 37.9 % and NDF of
71.6 %), shown in Table 2. When forage availability was less than 5500 kg/ha, steers
were offered ad libitum supplemental bahia/bermudagrass hay (average of 9.4% CP, 54.4
TDN, 1.3 Mcal/kg of NEm, ADF of 39.3 % and NDF of 74.6 %). All steers remained at
Edisto Research and Education Center (Blackville, SC) through the duration of treatment.
Blood samples and BW were collected and recorded at 0, 55, and 110 d of treatment.
Blood was collected via jugular venipuncture using Serum Z/9 mL Luer Monovette
collection tubes (Sarstedt Inc., Newton, NC) and 18 G × 1½ in. Precision Glide needles
(Becton, Dickinson and Company, Franklin Lakes, NJ). The blood was refrigerated at
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4ºC for 24 h and then centrifuged at 1200 × g for 30 min. Serum was collected and
stored at -20ºC. Real-time ultrasound carcass measurements were collected on 110 d of
treatment to assess intramuscular fat, muscle depth, and backfat thickness. Longitudinal
scans for intramuscular fat content, muscle depth, and backfat thickness were obtained
between the 11th and 13th rib using an Aloka 500 V machine with a 17 cm, 3.5 MHz
linear probe (Corometrics Medical Systems, Wallingford, CT). Images were interpreted
using BioSoft Toolbox (Biotronics, Ames, IA) by a trained individual. Upon completion
of treatment, all steers were transported by a commercial hauler 1700 km to Oklahoma
State University’s Willard Sparks Beef Research Center to begin the finishing phase.
Steers were blocked into 4 pens per treatment based on BW. The total feed consumed
per pen and refusal was measured daily. Subsequently, pen DM intake and individual
ADG were calculated.
After 176 d of finishing, the steers were hauled 118 km to a commercial packing
plant for harvest. Carcass measurements including hot carcass weight and ribeye area,
back fat thickness, and KPH were collected by trained personnel at harvest or 48 h
postmortem, respectively. Additionally, the right rib section of each carcass (112A Rib,
Ribeye Roll, Lip-On; NAMP, 1988) was collected, vacuum-packed, put on ice and
transported to Clemson University Meat Laboratory. Once at the meat laboratory, the rib
sections were stored at 3.5ºC. From each rib section, two steaks approximately 2.54 cm
thick were obtained, one for proximate analysis and one for cell size and distribution
analysis. Steaks for proximate analysis had all external fat and connective tissue
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removed. The steaks were then chopped into cubes and were frozen at -20ºC until
analysis. Steaks for cell size and distribution were maintained at 4ºC until analysis.
Forage and Supplement Analysis
Samples of available forages and subsamples of CGF and hay were collected for
analysis. The fatty acid profile and composition of Megalac-R is shown in Table 1.
Forage samples were collected monthly or as the steers were moved to different pastures.
Using a 0.09 square meter frame and cutting 2.54 cm from the soil, random pasture
samples were collected in triplicate. Hay subsamples were collected prior to being fed ad
libitum and were then composited. Each pasture sample was weighed after collection and
reweighed after drying at 60ºC for 48 h to determine DM. The three forage samples from
each cutting, the hay subsamples, and CGF subsamples were pooled and ground using a
Wiley Mill (Model 4, Thomas Scientific, Swedesboro, NJ) to pass a 1-mm screen.
According to the procedures of Goering and Van Soest (1970), Neutral Detergent Fiber
and Acid Detergent Fiber were determined using an Ankom Fiber Analyzer #F200
(Ankom Technologies, Fairport, NY). The concentration of crude protein was
determined by the combustion method using a Leco FP-528 Nitrogen Combustion
Analyzer (Leco Corp., St. Joseph, MI).
Proximate Analysis of Steaks
Steaks were allowed to thaw partially, and were then pulverized in a Blixer 3
Series D (Robot Coupe USA. Inc., Ridgeland, MS). The samples were then stored in
ziplock baggies and maintained at -20ºC. Percent moisture and percent total lipid of each
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sample was determined in triplicate and in duplicate, respectively, according to AOAC
(method 950.46; method 960.39; 1990). Total lipid extraction was determined by
washing samples with petroleum ether (EMD Millipore Corporation, Billerica, MA) in a
Soxhlet extract apparatus for approximately 24 h. The intra-assay CV for percent
moisture and total lipids was 0.9 % and 1.9 %, respectively.
Cell Size and Distribution
One steak per animal was used to determine adipocyte cell size of both the
subcutaneous and intramuscular adipose depots according to Etherton et al. (1977). All
cells were filtered through 20 µm filter mesh to separate out adipocytes and then through
a 240 μm filter mesh to remove large debris and the remaining cells were used for
analysis. Subcutaneous and intramuscular adipocytes were counted and sized using a
particle sizing and counting analyzer (Multisizer 4 Coulter Counter, Beckman Coulter
Inc., Brea, CA).
Serum Fatty Acid Analysis
Duplicate 1 ml samples of serum from 10 steers per treatment group for all three
time points were lyophilized (LabConco, Kansas City, MO) and transmethylated
according to Park and Goins (1994). Each sample of fatty acid methyl esters (FAME)
was analyzed using an Agilent 6850 gas chromatograph (GC) equipped with an Agilent
7673A automatic sampler. Separations were completed using a 30-m Famewax capillary
column (12497, Restek, Bellefonte, PA) according to Duckett et al. (2009). Samples
were run at a split ratio of 5:1. Identification of FA was achieved by comparing retention
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times of known standards. An internal standard, methyl tricosanoic (C23:0) acid, was
incorporated into every sample during methylation in order to quantify the sample as a
percentage of weight of total FA. The CV based on total FAs was 12.2 %.
Biochemical Assays
Triglyceride and cholesterol concentrations were determined using a colorimetric
assay (Pointe Scientific, Inc., Canton, MI). All samples were run in triplicate. The intraassay and inter-assay CV for cholesterol were 3.8 % and 2.9 %, respectively. The intraassay and inter-assay CV for triglycerides were 3.6 % and 4.3 %, respectively. This
procedure has been previously validated in our laboratory (Tuersunjiang et al., 2013;
Long et al., 2014). Leptin concentration was determined using a previously validated
RIA (Long and Schafer, 2013; Linco Research, St. Charles, MO). All samples were run
in duplicate and in a single assay. The intra-assay CV for leptin was 2.8 %.
Statistical Analysis
Calf birth weight, weaning weight, BW at the beginning, middle, and end of
treatment and also BW change during treatment were analyzed using the MIXED model
of SAS (SAS Institute Inc., Cary, NC) with treatment, breed, and their interaction in the
model and weaning block as a random variable. Ultrasound measures, carcass measures,
proximate analysis of steaks, adipocyte diameters and size distributions were analyzed
using the MIXED model of SAS with treatment, breed, and their interaction in the model
statement. Carcass measures were analyzed again using the MIXED model of SAS, but
feedlot pen was used as the experimental unit instead of animal; treatment was in the
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model statement. Serum FA composition, both concentration and percentage, along with
serum concentrations of cholesterol, triglycerides and leptin were analyzed as repeated
measures using the MIXED model of SAS with treatment, day of treatment, and their
interactions in the model statement. Breed was initially included in serum metabolites
and hormone analysis but was found to be non-significant and therefore removed from
the model. Feedlot DM intake/steer, calculated from pen DM intake and corrected for
number of animals/pen, along with ADG, G:F, and overall gain per steer was analyzed by
ANOVA using the GLM procedure of SAS with treatment in the model. Data are
presented as least squares means ± SEM and considered significantly different when P <
0.05 and a tendency was indicated when P < 0.10.
Results
Steer BW are provided in Table 3. Steers within both treatments had similar BW
at birth and weaning at 150 d of age (P > 0.489). However, at weaning there was a breed
effect, with AN steers being heavier (P = 0.002) than AN/HP steers. Steer BW at the
start of treatment were similar between CON and RUF steers (P = 0.716), but again AN
steers weighed more (P = 0.021) than AN/HP steers. The difference in steer BW due to
breed persisted until the middle of treatment, but there was no difference (P = 0.229) by
the end of treatment. Steer BW remained similar between treatments throughout the rest
of the experiment (P > 0.489). Overall BW change was similar between treatments (P =
0.857), but AN/HP steers had a greater BW change (P = 0.017) compared to AN steers.
The ultrasound data from steers at the end of supplementation indicated that
RUF steers tended to have a greater (P = 0.076) amount of intramuscular fat compared to
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CON steers (4.01 ± 0.25 v. 3.36 ± 0.25, respectively). However, there was no significant
difference (P > 0.829) in muscle depth (1.47 ± 0.04 v. 1.46 ± 0.04) or backfat thickness
(P > 0.669; 0.054 ± 0.010 v. 0.048 ± 0.009) between CON and RUF steers, respectively.
Serum FA concentrations in both the CON and RUF steers are given in Table 4
and the serum FA percentages of both treatment groups are given in Table 5. During
treatment, there was a treatment × day interaction (P < 0.02) for the concentration of
palmitic (16:0), stearic (18:0), oleic (18:1 cis-9), linoleic (18:2), arachidonic (20:4), acids
and total FA. These specific FA concentrations slightly increased in CON steers,
whereas there was a more prominent increase in RUF steers across the supplementation
period. There was a tendency for the RUF steers to have a greater concentration (P <
0.1) of myristic (14:0), pentadecyclic (15:0), and linolenic (18:3) acids, and a greater (P =
0.043) concentration of docosapentaenoic acid (DPA) compared to CON. There was a
treatment × day interaction (P < 0.02) on the FA percentage for myristic (14:0),
palmitoleic (16:1), elaidic (18:1 trans-9), linoleic (18:2) acids, and DPA; with a general
trend, excluding linoleic acid (18:2), of the serum FA percentages to decrease throughout
the treatment period with the RUF steers experiencing a greater decrease in the FA
percentages compared to CON steers. The percentage of 18:2, however, increased P =
0.001 during treatment for both CON and RUF with a much greater increase in the
percentage for RUF steers. This large increase in the RUF percentage of linoleic acid
could account for the greater decrease in the percentage of the other FA of the RUF
steers. Also, there was a treatment effect (P < 0.004) on 15:0, 18:1 c-9, 18:3, and EPA
where RUF steers had a smaller percentage of these FAs compared to CON. Similarly,
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18:0 showed a tendency (P = 0.08) for RUF steers to have a smaller percentage compared
to CON.
Serum triglyceride concentrations at d 0 were similar (P = 0.166) between
treatments, shown in Figure 1. The triglyceride concentration of the CON steers
remained similar (P = 0.261) from d 0 to d 110 of treatment. For RUF steers, there was
an increase (P < 0.05) in triglyceride concentration from d 0 to d 55 and this
concentration persisted until the end of treatment. Serum cholesterol concentrations were
also similar (P = 0.962) between treatments on d 0, shown in Figure 2. The cholesterol
concentration of the CON steers increased from d 0 to d 55 (P = 0.0137) and from d 55 to
d 110 (P < 0.001). The RUF steers had increased (P < 0.001) cholesterol concentrations
from d 0 to d 55 and from d 55 to d 110 of treatment (P =0.0108). The concentration of
serum leptin (Figure 3) was similar (P > 0.261) for both CON and RUF steers at d 0 and
d 55. However, on d 110, there was an increase (P < 0.05) in the leptin concentration for
RUF steers compared to CON steers.
The effects of treatment on feedlot performance are shown in Table 6. During the
finishing phase, CON steers consumed 10.7 ± 0.2 kg of DM per head per day and the
RUF steers consumed 10.6 ± 0.2 kg of DM per head per day (P = 0.430). The ADG was
similar between treatments (P = 0.899). The feed efficiency, G:F, and overall gain were
also similar between treatments (P = 0.447 and P = 0.899, respectively).
Carcass composition is shown in Table 7. There was no difference in HCW
between CON and RUF steers (P = 0.783). However, carcasses of AN steers had a
heavier (P = 0.05) HCW compared to AN/HP steers. There was no difference between
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treatments in yield grade (YG), longissimus muscle area (LMA), backfat, or KPH.
However, LMA was greater in the AN carcasses compared to AN/HP carcasses (P =
0.035). There was a tendency of a treatment × breed interaction (P = 0.094) for backfat
thickness. The AN steer in the CON treatment group had the greatest amount of backfat
thickness. This could be indicative of a depot specific effect of the rumen undegradable
FA supplement and/or breed effect. The marbling score of RUF steaks tended to be
greater (P = 0.093) than CON. There was also a tendency for the marbling score to be
greater (P = 0.059) for AN than AN/HP steers. There was a tendency for the RUF steers
to have a greater (P = 0.085) percentage of total lipids in their steaks compared to CON
steers. There was no difference (P = 0.321) in percent moisture of steaks between
treatments, however, there was a tendency (P = 0.063) for the steaks of the AN steers to
have a lower percent moisture than that of the AN/HP steers.
The carcass composition as determined by feedlot pens in shown in Table 8.
There was no difference in HCW between CON and RUF carcasses (P = 0.902). There
was no difference in YG, LMA, backfat, or KPH (P = 0.414, P = 0.409, P = 0.900, and P
= 0.670, respectively). There was a difference (P = 0.010) in marbling score, where the
RUF carcasses have a greater marbling score compared to the CON carcasses.
The average adipocyte diameter of intramuscular adipose tissue was 56.2 ± 0.7
μm for CON steers and 51.9 ± 0.8 μm for RUF steers (P = 0.0003). The size distribution
of adipocytes in intramuscular and subcutaneous adipose depots is given in Figure 4.
There was a tendency for the intramuscular depot to have a greater percentage of
adipocytes in the 20 - 30 μm diameter range for the RUF steer compared to the CON
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steers (P = 0.056). This is indicative of an increase in hyperplasia of intramuscular
adipocytes in RUF steers. The increase in average adipocyte diameter for CON is
accounted for by the increase (P = 0.009) in the percentage of adipocytes in the 150- 180
μm range and a tendency (P = 0.073) for an increased percentage of adipocytes in the
120- 150 μm range. There were no differences between the two treatments for
subcutaneous adipocyte diameter size or distribution (Figure 4B).
Discussion
To our knowledge, this is the first report investigating the effects of supplemental
rumen bypass fat on the carcass quality of early-weaned steers. The data from this
experiment shows that the supplemental treatments were in fact isocaloric, evident by no
difference in BW between the two treatment groups. The isocaloric supplement
containing rumen undegradable essential, unsaturated FA increased the intramuscular fat
content of RUF steers and subsequently the marbling scores while the back fat thickness
remained similar between treatments. Furthermore, the intramuscular adipocyte
diameters and size distribution were altered by supplementation while the subcutaneous
adipocyte diameters and size distribution remained unaltered. The FA supplementation
also influenced specific blood hormone concentrations similar to the results of the
unsaturated FA supplementation from Long et al. (2014). Serum FA concentrations and
total lipid content were also affected by supplementation.
Supplementation of the rumen undegradable unsaturated fatty acid source that
contained a high percentage of linoleic acid (18:2; 26.8 % of DM) subsequently increased
the serum concentration of linoleic acid in RUF steers. Hawkins et al. (1995) and Ryan

44

et al. (1995) showed that supplementing cattle with dietary lipid increased concentrations
of serum lipids. Additionally, the supplemental fatty acids were associated with calcium
salts, which are known to decrease the rate of biohydorgenation within the rumen and
thereby provide the animal with a greater amount of fatty acids for postruminal
absorption (Jenkins and Palmquist, 1984 and Wu et. al., 1991).
Linoleic acid is a precursor for a downstream activation of cell-surface
receptor/ligand systems that initiate the expression of C/EBP-β and C/EBP-δ (Gaillard et
al., 1989; Negrel et al., 1989; Vassaux et al., 1992). An increase in the expression of
C/EBP-β and C/EBP-δ causes an increase in PPARγ (Wu et al., 1995) both directly and
through the activation of C/EBP-α (Cao et al., 1991; Yeh et al., 1995; Farmer, 2006;
Rosen and MacDouglad, 2006; Lefterova and Lazar, 2009). Peroxisome proliferatoractivated receptor-γ and C/EBP-α work synergistically and reciprocally to activate
adipogenesis (Mandrup and Lane, 1997).
Adipogensis is the differentiation of preadipocytes into mature adipocytes.
Adipocytes can grow by both hyperplasia, increase in cell number, and hypertrophy,
increase in cell volume (Hood and Allen, 1973; Cianzio et al., 1985; Robelin, 1986).
Intramuscular adipocytes of the RUF steers tended to have an increase in the percent of
adipocytes in the smaller diameter range (20 – 30 µm). The RUF steers also tended to
have a greater % lipid in the striploin steaks and marbling score. This could indicate that
the linoleic acid provided by the rumen undegradable fatty acid supplement could have
influenced increased hyperplastic growth of intramuscular adipocytes of the RUF steers.
This could also be interpreted as a depot specific effect, as the intramuscular depot
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experienced difference in mean diameter and size distribution and the subcutaneous depot
did not.
Steer BW remained similar between treatments from birth throughout the
supplementation period. This lack of differences in BW could be attributed to the
isocaloric supplementation and all steers grazing on the exact same pastures throughout
treatment, similar to many other studies that supplemented an isocaloric fat (Lammoglia
et al., 1999b; Whitney et al., 2000; Garcia et al., 2003) however, the diets those studies
were also isonitrogenous. Conversely, there were some notable differences in BW
between breeds. From weaning to the middle of supplementation, AN steers were
heavier than the AN/HP steers, though BW between breeds were similar by the end of
treatment. Thereby, it was the AN/HP steers that showed a greater change in BW
throughout supplementation. The difference in BW at weaning could be attributed to
maternal effects. Regardless, AN and AN/HP steers had similar gains until harvested.
Similar gains, while in feedlot, indicate that the steers within different pens received the
same diets ad libitum and consumption per pen was similar.
Although, there were no differences in BW at 110 d due to treatment, RUF steers
exhibited increased intramuscular fat content at the end of treatment which was
determined by ultrasonography. Harper and Pethick (2004) stated that it is wise to apply
nutritional treatment to young animals due to the high possibility that there are a greater
number of multipotent stem cells and preadipocytes at a young age. Also, a study using
rats showed that with an increase in age there was a decrease in expression in a major
regulator of adipogenesis, CCAAT/ enhancer binding protein- α (C/EBP-α)
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(Karagiannides et al., 2001). If cattle also experience that decrease in the expression of
C/EBP-α, it could serve as another contributing factor in trying to influence adipogenesis
earlier in life. By offering the fatty acid supplementation early in the steers’ lives, a
greater number of undifferentiated stem cells could potentially be driven toward
adipogenic confirmation. Also, Wegner et al. (1998) challenged the traditional idea that
intramuscular fat is a late developing fat depot (Cianzio et al., 1985) by suggesting that
the adiposity of muscle develops much earlier in the animals life than is evidenced by the
marbling.
The RUF steers also had greater serum concentration of total FA on d 110 that is
supported by the findings of Long et al. (2014) that showed the same results in heifers
that were supplemented rumen bypass unsaturated fatty acids. This increase in total FA
is indicative of the greater amount of FA available in their diet and the greater amount of
unsaturated FA that reached the small intestine due to decreased biohydrogenation (Zinn
et al., 2000). The serum concentration of 18:2 increased in the CON steers over the
supplementation period but there was an increase in concentration of a much greater
magnitude for the RUF steers. Also, 18:3 had a tendency to increase in RUF steers. Our
findings are supported by previous studies that reported PUFA supplementation increased
plasma concentration of linoleic (18:2) and linolenic (18:3) acids in cattle (Lessard et al.,
2003, 2004; Farran et al., 2008). Arachidonic acid (20:4) also had a treatment × day
effect similar to linoleic and DPA (22:5) had a treatment effect similar to linolenic acid.
This could be attributed to linoleic acid being a precursor for arachidonic acid and
linolenic acid being a precursor for DPA. Therefore, the increase in linoleic and linolenic
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acid serum concentrations could have led to the conversion into other Omega-6 and
Omega-3 fatty acids, respectively. Also, C15:0, C16:0, C18:0, and C18:1 c-9 serum FA
concentrations had a treatment × day effect where the RUF steers had a greater
concentration; further supporting that the RUF diet offered a greater amount of FA.
Serum triglyceride concentrations in the RUF steers were much higher than those
of the CON, possibly due to a greater amount of FA being offered in the RUF steer’s diet.
Therefore, there was an increase in the availability of free fatty acids to be stored as
triglycerides within adipocytes. This increase in triglycerides, due to supplementation of
rumen bypass unsaturated fatty acids, is supported by Long et al. (2014). The increase in
the amount of fatty acids provided in the diet could have also led to RUF steers having a
greater increase in cholesterol concentrations. A similar study, that also supplemented
rumen bypass fat to beef heifers, suggested that the diet is the most likely explanation for
the increase in cholesterol, either directly due to the diet or through an increase in the
substrate, acetyl CoA, (Long et al., 2007) since all 27 carbon atoms of cholesterol are
derived from acetyl CoA (Berg et al., 2002).
Leptin, a protein hormone produced in adipocytes that travels via the blood, is
involved with food intake regulation and energy homeostasis. Therefore, the increase in
leptin concentration could be attributed to the increase in rumen undegradable fat intake.
A greater concentration of fatty acids bypassed the rumen to the small intestines and
thereby a greater amount of energy reached the small intestines. Chilliard et al. (1998)
stated that several studies that used multispecies RIA assays have indicated that blood
leptin is regulated by the level of energy intake and body condition. Then Chilliard et al.
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(2005) reported that the BCS, or adiposity, is the key component in leptin regulation,
both tissue and blood, while having a powerful interaction with other factors. However,
Ciccioli et al. (2003) showed that blood leptin concentration was greatly affected by a
nutritional treatment during a period where BCS remained similar. Additional factors
that are believed to influence leptin levels include meal time (Ingvartsen et al., 2001;
Delavaud et al., 2002), nutrients (Blache et al., 2000; Delavaud et al., 2000), other
hormones (Leury et al., 2003; Block et al., 2003), and environment (Garcia et al., 2002;
Kokkonen et al., 2002; Reist et al., 2003). Therefore, since the diet was the only altered
effect in our steers, the increase in leptin levels at d 110 could be attributed to a nutrient
effect of the rumen undegradable unsaturated fatty acids. Long et al. (2007) had similar
findings and also showed that the increase in leptin was correlated with supplementation
of FA, although they used saturated FA. Long et al. (2014) showed that even the
composition of the supplemental fatty acids could be a contributing factor to increased
leptin levels. Furthermore, it has been shown in rodents that FA, specifically linoleic
acid, could also influence leptin levels (Takahashi et al., 1999; Rodriguez et al., 2002).
Carcass measurements were not affected by treatment with the exception of the
marbling score, which tended to be greater in RUF steers. This tendency to increase
marbling took steers from a USDA low Choice grade to an average Choice, thereby,
increasing both the quality and value of the carcasses (USDA, 1997). Intramuscular
adipocyte distribution was also influenced by the unsaturated FA supplementation.
Although adipocytes within the intramuscular depot grow biphasically, first by
hyperplasia followed by hypertrophy and so on (Allen, 1976), the increase in the
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percentage of intramuscular adipocytes with the diameter of 20 – 30 µm could be
indicative of lasting effects on factors effecting hyperplastic growth of intramuscular fat
cells. Harper and Pethick (2004) stated that cattle have a certain number of fat cells upon
entering the feedlot and that the high energy diets provided during the finishing phase
simply fill those adipocytes with lipids. Therefore, the RUF steers could have entered the
feedlot phase with a greater number of intramuscular adipocytes, due to increased
hyperplastic growth earlier in life, than the CON steers. Then, while in the feedlot, those
adipocytes accumulated lipids in the form of triglycerides. This is supported by the fact
that RUF steers had a greater percentage of total lipids in the LM. Conversely, there was
no difference in the subcutaneous adipose tissue thickness, cell size or distribution
between treatments. The lack of difference in subcutaneous adipocytes could be
attributed to subcutaneous fat depots early development and subsequent completion of
hyperplastic growth by 8 mo. of age (Hood and Allen, 1973); therefore, the hyperplastic
growth of the subcutaneous adipose depots could potentially have stopped prior to the
end of treatment and only conducted hypertrophic growth while in the feedlot where all
steers received the same diets. Furthermore, KPH was similar between treatments, the
only other fat depot examined, which agrees with the visceral fat depots developing even
earlier than subcutaneous (Vernon, 1981). Therefore, it may be possible that the
supplementation of unsaturated FA had a depot specific effect on the intramuscular
depot.
The results from this study may indicate that supplementation of ruminal
unsaturated bypass FA can positively influence intramuscular adipose tissue deposition in
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early-weaned steers. By weaning steers early, we had the opportunity to provide the
steers with the unsaturated FA source at a point where there were potentially a greater
amount of undifferentiated multipotent stem cell and/or preadipocytes. Therefore, the FA
that bypass the rumen, and thereby biohydrogenation, and are then available in the small
intestines can be utilized more efficiently and influence undifferentiated stem cells and
preadipocytes to commit to becoming adipocytes. Additionally, the supplementation of
the rumen undegradable unsaturated FA also appeared to have a depot specific effect on
the intramuscular adipose depot. Through early weaning and FA supplementation one
could potentially influence the amount of adipose tissue with in the intramuscular depot
and therefore the quality and value of the carcass. However, more research is required to
determine the full extent of the effects of supplementing FA on meat quality in earlyweaned beef steers.
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Table 1. Nutrient profile and fatty acid
composition of Megalac-R, rumen
undegradable unsaturated fatty acid
source for early-weaned steers.
DM, %
97.0
Calcium, % DM
9.0
Ether Extract, % DM
84.5
C12:0, % DM
0.0
C14:0, % DM
0.0
C16:0, % DM
21.9
C16:1, % DM
0.0
C18:0, % DM
3.0
C18:1 t, % DM
0.0
C18:1 c, % DM
27.8
C18:2, % DM
26.8
C18:3, % DM
4.0
Other LCFA, % DM
1.0

Data provided by Church & Dwight Co.,
Inc., Princeton, NJ
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Table 2. Chemical analysis of pastures, hay, and corn gluten feed (CGF) available to all steers throughout treatment.
kg/kg
%DM
Mcal/kg
Grazing
Crude
Sample
Date
Days
Allowance
DM
CP
ADF NDF
Fiber
TDN1 Fat
NEm2
1
7/11/2013
754
2.4
42.9
11.3
36.4
72.9
30.9
57.3
1.3684
2
7/25/2013
452
2.1
49.6
8.5
35.6
70.9
30.3
56.8
1.3552
3
8/7/2013
1051
4.6
37.1
12.1
37.9
75.8
32.0
56.3
1.3420
4
8/30/2013
564
4.0
37.4
7.9
42.1
76.6
35.1
51.6
1.2056
5
9/11/2013
611
6.1
38.0
7.1
41.1
77.0
34.4
52.1
1.2188
6
9/24/2013
611
3.9
37.2
7.4
40.6
76.3
34.0
52.6
1.2342
7
10/7/2013
1128
3.2
35.3
15.6
36.0
63.7
30.6
59.1
1.4212
8
11/15/2013
799
3.3
48.8
12.9
33.6
59.5
28.7
60.0
1.4476
Hay
10/31-11/6
94.9
9.4
39.3
74.6
33.0
54.4
1.2837
2.9
CGF
91.7
20.1
8.0
27.8
80.2
1.93
1
TDN = 81.38 + (CP x 0.36) - (ADF x 0.77)
2
NEm = ((0.029 x TDN) - 0.29)

Table 3. Body weights (kg) from weaning to feedlot placement of steers individually fed isocaloric supplement containing no
bypass fat (CON) or fed 200 g of an unsaturated rumen undegradable fat source (RUF) 5 d/wk.
Treatment (Trt)
Breed (Bd)
P-value
N
Birth weight

CON

RUF

Angus

Angus× Hereford

23

24

23

24

Trt

Bd

Trt×Bd
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37.6 ± 1.3

36.7 ± 1.2

37.8 ± 1.3

36.5 ± 1.3

0.489

0.341

0.482

Weaning BW (d 150)

213.6 ± 5.8

219.0 ± 5.7

229.5 ± 5.8

203.1 ± 5.7

0.508

0.002

0.675

Start weight (d 164)

217.5 ± 6.1

220.5 ± 5.9

229 ± 6.0

209 ± 6.1

0.716

0.021

0.631

Mid weight (d 241)

231.8 ± 6.2

230.4 ± 5.9

239.4 ± 6.1

222.7 ± 6.1

0.859

0.047

0.528

End weight (d 318)

241.5 ± 7.6

243.9 ± 7.4

248.1 ± 7.7

237.3 ± 7.5

0.779

0.229

0.498

24.8 ± 3.5

24.2 ± 3.4

19.9 ± 3.5

29.0 ± 3.4

0.857

0.017

0.727

BW change
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Table 4. Serum total and specific fatty acids (mg/ml) of steers individually fed isocaloric supplement containing no bypass fat
(CON) or fed 200 g of an unsaturated rumen undegradable fat source (RUF) 5 d/wk.
CON
RUF
SE
P-value
d0
d 55
d 110
d0
d 55
d 110
Trt
d
Trt×d
n
10
10
10
10
10
10
14:0
5.51
6.00
7.92
7.51
10.29
12.08
1.575
0.0785
0.0272
0.4901
15:0
5.02
7.32
9.35
5.07
12.61
15.75
1.820
0.0701
0.0001
0.0906
16:0
78.14 95.42
137.03
108.9
233.82 294.81 29.856
0.0079
˂.0001
0.0067
16:1
10.29 13.18
15.93
12.82
15.26
18.46
3.116
0.5375
0.0621
0.9859
18:0
89.67 120.39
160.34
112.82
274.51 338.24 35.346
0.0127
˂.0001
0.0070
18:1 t-9
66.63 86.95
126.17
89.39
131.22 154.33 19.838
0.2055
0.0007
0.5322
18:1 c-9
11.59 14.61
15.24
12.70
28.32
21.39
3.009
0.0686
˂.0001
0.0015
18:2
86.17 156.28
237.36
137.19
628.88 889.00 86.360
0.0010
˂.0001
0.0004
18:3
35.92 44.79
52.55
43.56
69.50
84.48 10.570
0.0977
0.0067
0.3387
20:4
16.28 21.40
32.12
22.57
46.72
67.93
6.715
0.0134
˂.0001
0.0140
EPA
11.87 13.94
16.68
14.39
18.59
20.39
3.178
0.3292
0.1349
0.8723
DPA
6.12 10.02
16.25
12.72
18.72
21.74
2.839
0.0431
0.0016
0.6652
Total FA 400.06 550.91
650.58
523.17 1255.81 1524.36 88.30
˂.0001
˂.0001
0.0001
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Table 5. Specific serum fatty acid percentages of steers individually fed isocaloric supplement containing no bypass fat (CON)
or fed 200 g of an unsaturated rumen undegradable fat source (RUF) 5 d/wk.
CON
RUF
SE
P-value
d0
d 55
d 110
d0
d 55
d 110
Trt
d
Trt×d
n
10
10
10
10
10
10
14:0
1.16
0.90
0.80
1.23
0.62
0.57
0.063
0.0183
˂.0001
0.0138
15:0
1.04
1.06
0.98
0.77
0.77
0.74
0.069
˂.0001
0.7077
0.9538
16:0
16.72 14.21
14.37 17.65
14.03
13.78
0.577
0.9146
˂.0001
0.4063
16:1
2.14
1.88
1.65
1.96
0.92
0.85
0.133
0.0003
˂.0001
0.0017
18:0
19.03 17.94
16.97 17.84
16.67
15.67
0.739
0.0827
0.0238
0.9963
18:1 t-9 14.21 13.05
13.50 14.96
8.05
7.32
0.729
˂.0001
˂.0001
˂.0001
18:1 c-9
2.39
2.25
1.64
2.09
1.69
1.01
0.145
0.0003
˂.0001
0.5199
18:2
17.39 21.27
23.67 19.52
37.36
41.21
1.493
˂.0001
˂.0001
˂.0001
18:3
7.50
6.21
5.31
6.87
4.26
4.01
0.437
0.0039
˂.0001
0.2632
20:4
3.38
3.13
3.61
3.54
2.76
3.23
0.166
0.1748
0.0035
0.1906
EPA
2.57
1.92
1.89
2.01
1.12
0.95
0.185
˂.0001
˂.0001
0.5822
DPA
1.45
1.44
1.92
1.77
1.11
0.99
0.216
0.1496
0.1974
0.0211

Table 6. The effects of treatment on live feedlot performance of steers
individually fed isocaloric supplement containing no bypass fat (CON) or fed
200 g of an unsaturated rumen undegradable fat source (RUF) 5 d/wk.
Treatment (Trt)
P-value
CON
RUF
Trt
N
4
4
DMI, kg of DM/hd/d
10.7 ± 0.2
10.6 ± 0.2
0.430
ADG, kg
2.18 ± 0.04
2.14 ± 0.04
0.899
G:F, kg/kg
4.94 ± 0.11
4.92 ± 0.11
0.447
Overall Gain
380.14 ± 8.45
378.54 ± 9.00
0.899
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Table 7. Carcass composition and proximate analysis of steaks from of steers individually fed isocaloric
supplement containing no bypass fat (CON) or fed 200 g of an unsaturated rumen undegradable fat source (RUF)
5 d/wk.
Treatment (Trt)
Breed (Bd)
P-value
CON
RUF
Angus
Angus×Herford
Trt
Bd
Trt×Bd
n
23
21
21
23
HCW, kg
376.9 ± 7.3
379.9 ± 7.8
389.2 ± 7.8
367.6 ± 7.3
0.783
0.050
0.644
Yield Grade
3.81 ± 0.11
3.99 ± 0.12 3.93 ± 0.12
3.87 ± 0.11
0.280
0.770
0.598
LMA, cm2
83.16 ± 1.42 81.68 ± 1.55 84.71 ± 1.55
80.13 ± 1.42
0.484
0.035
0.165
Backfat, cm
1.62 ± 0.09
1.63 ± 0.10 1.68 ± 0.10
1.57 ± 0.09
0.915
0.456
0.094
KPH, %
3.35 ± 0.09
3.35 ± 0.10 3.35 ± 0.10
3.35 ± 0.12
0.979
0.979
0.958
1
Marbling Score 48.29 ± 1.68 52.55 ± 1.81 52.82 ± 1.81
48.02 ± 1.68
0.093
0.059
0.577
2
EE, %
6.29 ± 0.38
7.41 ± 0.04 7.10 ± 0.43
6.59 ± 0.38
0.085
0.634
0.112
Moisture,2 %
69.72 ± 0.38 69.17 ± 0.40 68.92 ± 0.41
69.98 ± 0.37
0.321
0.063
0.313
1
2

Marbling Score: 40 = Small 00; 50 = Modest 00
Determined from striploin steak

Table 8. The effects of treatment on carcass composition of feedlot pens of
steers individually fed isocaloric supplement containing no bypass fat (CON) or
fed 200 g of an unsaturated rumen undegradable fat source (RUF) 5 d/wk.
Treatment (Trt)
P-value
CON
RUF
Trt
N
4
4
HCW, kg
375.70 ± 15.30
378.48 ± 15.30
0.902
Yield Grade
3.80 ± 0.18
4.03 ± 0.18
0.414
2
LMA, cm
83.45 ± 2.01
80.93 ± 2.01
0.409
Backfat, cm
1.63 ± 0.14
1.65 ± 0.14
0.900
KPH, %
3.35 ± 0.04
3.38 ± 0.04
0.670
1
Marbling Score
48.23 ± 0.82
52.48± 0.82
0.010
1
Marbling Score: 40 = Small 00; 50 = Modest 00
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Figure 1. Serum triglyceride concentrations for d 0, 55, and 110 of treatment of steers
individually fed isocaloric supplement containing no bypass fat (Control, ■, n = 23) or
fed 200 g of unsaturated rumen undegradable fat source (RUF, ○, n = 24) 5 d/wk.
(Trt, P = 0.003; day, P < 0.0001; Trt×day, P < 0.0001)

Values are means ± SEM. a, b means without a common letter differ (P < 0.01).
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Figure 2. Serum cholesterol concentrations for d 0, 55, and 110 of treatment of steers
individually fed isocaloric supplement containing no bypass fat (Control, ■, n = 23) or
fed 200 g of unsaturated rumen undegradable fat source (RUF, ○, n = 24) 5 d/wk.
(Trt, P < 0.0001; day, P < 0.0001; Trt×day, P < 0.0001)

Values are means ± SEM. a, b, c, d, e means without a common letter differs (P < 0.0001).
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Figure 3. Serum leptin concentrations for d 0, 55, and 110 of treatment of steers
individually fed isocaloric supplement containing no bypass fat (Control, ■, n = 23) or
fed 200 g of unsaturated rumen undegradable fat source (RUF, ○, n = 24) 5 d/wk.
(Trt, P = 0.0238; day, P = 0.0048; Trt×day, P =0.1628)

Values are means ± SEM. a, b means without a common letter differs (P < 0.0001).
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Figure 4. Size distribution of intramuscular adipocytes in adipose tissue as a percentage
of total adipocytes measured in steers individually fed isocaloric supplement containing
no bypass fat (Control, open bar, n = 21) or fed 200 g of unsaturated rumen undegradable
fat source (RUF, shaded bar, n = 20) at harvest.

* Means ± SEM differ (P < 0.05). # Means ± SEM differ (P < 1.0).
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Figure 5. Size distribution of subcutaneous adipocytes in adipose tissue as a percentage of
total adipocytes measured in steers individually fed isocaloric supplement containing no
bypass fat (Control, open bar, n = 21) or fed 200 g of unsaturated rumen undegradable fat
source (RUF, shaded bar, n = 20) at harvest.

* Means ± SEM differ (P < 0.05). # Means ± SEM differ (P < 1.0).
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CHAPTER IV
CONCLUSION
Treatment of early-weaned steers with supplemental, rumen undegradable
unsaturated fatty acids for 110 days tended to increase the marbling score of those steers.
In addition to the improved marbling score at harvest, the supplemented steers also
showed an increase in intramuscular fat content, via ultrasonography, at the end of the
110 day supplementation period. However, at the end of treatment there was no
difference in back fat thickness and at harvest there was only a tendency for the
Angus/Control steers to have increased back fat thickness. Furthermore, the treatment of
early-weaned steers with supplemental bypass fatty acids decreased the mean diameter of
intramuscular adipocytes and increased the percent total lipid within the steaks, indicating
an increase in hyperplastic growth and overall adipocyte content in the intramuscular
adipose depots of supplemented steers. The subcutaneous adipose depot did not
experience an effect on mean diameter or size distribution due to treatment. This could
indicate that the supplementation of rumen undegradable unsaturated fatty acids to earlyweaned steers has a depot specific effect.
Total fatty acid concentration was increased in supplemented steers. The
concentrations of cholesterol, triglycerides, and leptin were all increased in RUF steers by
the end of the 110 day supplementation period. There was, however, no difference in
BW between treatment groups from the beginning of treatment until harvest. This
indicates that the treatments were indeed isocaloric but the supplemental rumen
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undegradable unsaturated fatty acids provided the RUF steers with a greater availability
of FA, which did not undergo biohydrogenation, for absorption in the small intestines.
The combination of the increased availability of FA for postruminal absorption and
the detected increase in intramuscular fat content as early as 274 days of age could
indicate positive effects from the bypass fatty acid supplementation on the early stages of
adipogenesis. However, the early weaning management practice may not always be ideal
in every producer’s circumstances. Therefore, depending on the environment and
producer’s circumstances, supplementation of a rumen undegradable unsaturated fatty
acid source to beef steers earlier in life could increase their production of adipose tissue
within the intramuscular adipose depots, which may improve the carcasses marbling
score and thereby, its consumer appeal and economic value.

66

LITERATURE CITED
Ailhaud G. 1999. Cell surface receptors, nuclear receptors and ligands that regulate
adipose tissue development. Clin. Chim. Acta. 286:181-190.
Ailhaud, G. N-6 Fatty acids and adipogenesis. 2006. Scand. J. Food Nutr. 50:17-20.
Alexander, G., J. W. Bennett, and R.T. Gemmell. 1975. Brown adipose tissue in the newborn calf (Bos taurus). J. Physiol. 244:223-234.
Allen, C. E. 1976. Cellularity of adipose tissue in meat animals. Fed. Proc. 35:2302-2307.
Altiok, S., M. Xu, and B. M. Spiegleman. 1997. PPARγ induces cell cycle withdrawal
inhibition of E2F/DP DNA-binding activity via down-regulation of PP2A. Genes
Dev. 11:1987-1998.
Anderson, P. and J. Gleghorn. 2007. Non-genetic factors that affect quality grade of fed
cattle. Pages 31-43 in Proc. Beef Improvement Federation 39th Annual Research
Symposium and Annual Meeting, Fort Collins, CO.
Andrae, J. G., S. K. Duckett, C. W. Hunt, G. T. Pritchard, and F. N. Owens. 2001. Effects
of feeding high-oil corn to beef steers on carcass characteristics and meat quality.
J. Anim. Sci. 79:582-588.
AOAC. 1990. Official methods of analysis. 15th ed. Assoc. Off. Anal. Chem., Arlington,
VA.
Araujo, D. B., R.F. Cooke, G. R. Hansen, C. R. Staples, and J. D. Arthington. 2010.
Effects of rumen-protected polyunsaturated fatty acid supplementation on
performance and physiological responses of growing cattle after transportation
and feedlot entry. J. Anim. Sci. 88: 4120-4132.

67

Arthington, J. D. and R. S. Kambacher. 2003. Effects of early weaning on the
performance of three-year-old, first-calf beef heifers and calves reared in the
subtropics. J. Anim. Sci. 81:1136-1141.
Arthington, J. D., J. W. Spears, and D. C. Miller. 2005. The effect of early weaning on
feedlot performance and measures of stress in beef calves. J. Anim. Sci. 83:933939.
Asakura, A., M. Komaki, and M. Rudnicki. 2001. Muscle satellite cells are multipotential
stem cells that exhibit myogenic, osteogenic, and adipogenic differentiation.
Differentiation. 68:245-253.
Ashes, J. R., B. D. Siebert, S. K. Gulati, A. Z. Cuthbertson, and T. W. Scott. 1992.
Incorporation of n-3 fatty acids of fish oil into tissue and serum lipids of
ruminants. Lipids 27:629-631.
Aubert, J., S. Dessolin, N. Belmonte, M. Li, F. R. McKenzie, L. Staccini, P. Villageois,
B. Barhanin, A. Vernallis, A. G. Smith, G. Ailhaud, and C. Dani. 1999. Leukemia
inhibitory factor and its receptor promote adipocyte differentiation via the
mitogen-activated protein kinase cascade. J. Biol. Chem. 274:24965-24972.
Azain, M. J. 2004. Role of fatty acids in adipocyte growth and development. J. Anim.
Sci. 82:916-924.

68

Banner, C. D., M. Gotllicher, E. Widmark, J. Sjovall, J. J. Rafter, and J. A. Gustafsson.
1993. A systematic analytical chemistry/cell assay approach to isolate activators
of orphan nuclear receptors from biological extracts: characterization of
peroxisome proliferator-activated receptor activators in plasma. J. Lipid Res.
34:1583-1591.
Barak, Y., M. C. Nelson, E. S. Ong, Y. Z. Jones, P. Ruiz-Lozano, K. R. Chien, A. Koder,
and R. M. Evans. 1999. PPAR gamma is required for placental, cardiac, and
adipose tissue development. Mol. Cell. 4:585-595.
Barnes, K.C., G. E. Glimp, and K. S. Lusby. 1996. Early weaning fall-born beef calves
for improved rebreeding or decreased winter feed. Okla. Agric. Exp. Sta. Res.
Report. 951:85-87.
Behrends, J. M., K. J. Goodson, M. Koohmaraie, S. D. Shackelford, T. L. Wheeler, W.
W. Morgan, J. O. Reagan, B. L. Gwartney, J. W. Wise, and J. W. Savell. 2005a.
Beef customer satisfaction: Factors affecting consumer evaluations of calcium
chloride-injected top sirloin steaks when given instructions for preparation. J. of
Anim. Sci. 83:2869-2875.
Behrends, J. M., K. J. Goodson, M. Koohmaraie, S. D. Shackelford, T. L. Wheeler, W.
W. Morgan, J. O. Reagan, B. L. Gwartney, J. W. Wise, and J. W. Savell. 2005b.
Beef customer satisfaction: USDA quality grade and marination effects on
consumer evaluations of top round steaks. J. of Anim. Sci. 83:662-670.

69

Bellows, R. A., R. E. Short, J. J. Urick and O. F. Pahnish. 1974. Effects of early weaning
on postpartum reproduction of the dam and growth of calves born as multiple or
single. J. Anim. Sci. 39:589-600.
Belmonte, N., B. W. Phillips, F. Massiera, P. Villageois, B. Wdziekonski, P. Saint-Marc,
J. Nichols, J. Aubert, K. Saeki, A. Yuo, S. Narumiya, G. Ailhaud, and C. Dani.
2001. Activation of extracellular signal-regulated kinases and CREB/ATF-1
mediate the expression of CCAAT/enhancer binding proteins β and -δ in
preadipocytes. Mol. Endocrinol. 15:2037-2049.
Berg, J. M., J. L. Tymoczko, and L., Stryer. 2002. Biochemistry. 5th edition. W H
Freeman. New York. Accessed Dec 3, 2014.
http://www.ncbi.nlm.nih.gov/books/NBK21154/.
Berry, B. W. 1972. Characteristics of bovine muscle, cartilage and bone as influenced by
physiological maturity. Ph.D. Dissertation. Texas A&M University, College
Station
Blache D., R. L. Tellam, L. M. Chagas, M. A. Blackberry, P. E. Vercoe, and G. B.
Martin. 2000. Level of nutrition affects leptin concentrations in plasma and
cerebrospinal fluid in sheep. J. Endocrinol. 165:625-637.
Block S. S., J. M. Smith, R. A. Ehrhardt, M. C. Diaz, R. P. Rhoads, M. E. Van Amburgh,
and Y. R. Boisclair. 2003. Nutritional and developmental regulation of plasma
leptin in dairy cattle. J. Dairy Sci. 86:3206-3214.
Bratzler, L. J. 1971. Palatability factors and evaluations. In The Science of Meat and
Meat Products. W. H. Freeman and Company. San Francisco, Calif.

70

Briskey, E. J., and R. W. Bray. 1964. A special study of the beef grade standards. Report
submitted to the American National Cattlemen’s Association, Denver, CO.
Bruns, R. P., P. Torontonoz, B. M. Forman, R. Ellis, C. Jasmine, R. M. Evans, and B. M.
Spiegelman. 1996. Differential activation of adipogenesis by multiple PPAR
isoforms. Genes Dev. 10:974-984.
Byers, F. M. and G. T. Schelling. 1993. Lipids in ruminant nutrition. In: D. C. Church
(ed.) The ruminant animal: Digestive physiology and nutrition. Page 298-312.
Waveland Press, Inc., Prospect Heights, IL.
Calkins, C. R., and J. M. Hodgen. 2007. A fresh look at meat flavor. Meat Sci. 77:63-80.
Canadian Beef Grading Agency. 2003. The quality grades. Available: http://www.
telusplanet.net/public/cbga2/grades/html.
Cannon, B. and J. Nedergaard. 2004. Brown adipose tissue: function and physiological
significance. Physiol. Rev. 84:277-359.
Cao, Z., R. M. Umek, and S. L. McKnight. 1991. Regulated expression of three C/EBP
isoforms during adipose conversion of 3T3-L1 cells. Genes Dev. 5:1538-1552.
Capper, J. L. 2011. The environmental impact of beef production in the United States:
1977 compared with 2007. J. Anim. Sci. 89:4249-4261.
Casteilla, L., C. Forest, J. Robelin, D. Ricquier, A. Lombert and G. Ailand. 1987.
Characterisation of mitochondrial-uncoupling protein in bovine fetus and
newborn calf. Am. J. Physiol. 254:627-636.

71

Catalioto, R. M., D. Gaillard, J. Maclouf, G. Ailhaud, and R. Negrel. 1991. Autocrine
control of adipose cell differentiation by prostacyclin and PGF2a. Biochim.
Biophys. Acta. 1092:364-369.
Charles, D. D. and E. R. Johnson. 1976. Breed differences in amount and distribution of
bovine carcass dissectible fat. J. Anim. Sci. 42:332-341.
Chawla, A., J. Schwarz, D. D. Dimaculangan, and M. A. Lazar. 1994. Peroxisome
proliferator-activated receptor (PPAR) γ: adipose-predominant expression and
induction early in adipocyte differentiation. Endo. 135:798-800.
Chilliard, Y., C. Delavaud, and M. Bonnet. 2005. Leptin expression in ruminants:
Nutritional and physiological regulations in relation with energy metabolism.
Domest. Anim. Endocrinol. 29:3-22.
Chilliard, Y., F. Bocquier, C. Delavaud, M. Guerre-Millo, M. Bonnet, P. Martin, Y.
Faulconnier, and A. Ferlay. 1998. Leptin in ruminants: Effects of species, breed,
adiposity, photoperiod, β-agonists and nutritional status. In: Proc. 1998 Cornell
Nutr. Conf. for Feed Manufacturers, Cornell University, Ithaca, NY. Page 65-74.
Chilliard, Y., M. Bonnet, C. Delavaud, Y. Faulconnier, C. Leroux, J. Djiane, and F.
Bocquier. 2001. Leptin in ruminants. Gene expression in adipose tissue and
mammary gland, and regulation of plasma concentration. Domest. Anim.
Endocrinol. 21:271-295.

72

Christy, R. J., V. W. Yang, J. M. Ntambi, D. E. Geiman, W. H. Friedman, Y. Nakabeppu,
T. J. Kelly, and M. D. Lane. 1989. Differentiation-induced gene expression in
3T3-L1 preadipocytes: CCAAT/enhancer binding protein interacts with and
activates the promoters of two adipocyte-specific genes. Genes Dev. 3:1323-1335.
Cianzio D. S., D. G. Topel, G. B. Whitehurst, D. C. Beitz, and H. L. Self. 1982. Adipose
tissue growth in cattle representing two frame sizes: distribution among depots. J.
of Anim. Sci. 55:305-312.
Cianzio, D. S., D. G. Topel, G. B. Whitehurst, C. Donald, H. L. Self, and D. C. Beitz.
1985. Adipose Tissue Growth and Cellularity : Changes in Bovine Adipocyte Size
and Number. J. Anim. Sci. 60:970-976.
Ciccioli, N. M., R. P. Wettemann, L. J. Spicer, C. A. Lents, F. J. White, and D. H.
Keisler. 2003. Influence of body condition at calving and postpartum nutrition on
endocrine function and reproductive performance of primiparous beef cows. J.
Anim. Sci. 81:3107-3120.
Ciminski, L., D. C. Adams, T. J. Klopfenstein, D. Clark, A. Applegarth, J. A. Musgrave,
and R. Sandberg. 2002. Weaning Date for Spring Calving Cows Grazing
Sandhills Range. Nebraska Beef Cattle Reports. Paper 251.
http://digitalcommons.unl.edu/animalscinbcr/251/. (Accessed 10 February 2014.)
Clarke, L., D. S. Buss, D. T. Juniper, M. A. Lomax, M. E. Symonds. 1997. Adipose
tissue development during early postnatal life in ewe-reared lambs. Exp. Physiol.
82:1015-1027.

73

Cleary, M., F. Phillips, and R. Morton. 1999. Genotype and diet effects in lean and obese
zucker rats fed either safflower or coconut oil diets Proc. Soc. Exp. Biol. Med.
220:153-161.
Coppock, C. E. and D. L. Wilks. 1991. Supplemental fat in high-energy rations for
lactating cows: Effects on intake, digestion, milk yield, and composition. J. Anim.
Sci. 69:3826-3837.
Corah, L., and M. McCully. 2006. Against a stacked deck, white paper reviews factors
reducing marbling deposition in beef cattle. Angus J. July:134-141.
Corin, R. E., S. Guller, K. Y. Wu, and M. Sonenberg. 1990. Growth hormone and
adipose differentiation: growth hormone-induced antimitogenic state in 3T3F442A preadipose cells. Proc. Natl. Acad.Sci. USA 87:7507-7511.
Cornelius, P., O. A. MacDougald, and M. D. Lane. 1994. Regulation of Adipocyte
Development. Annu. Rev. Nutr. 14:99-129.
Cruz, G. D., A. B. Strathe, H. A. Rossow, and J. G. Fadel. 2012. Characterizing bovine
adipocyte and its relationship with carcass and meat characteristics using a finite
mixture model. J. Anim. Sci. 90:2995-3002.
Davis, D. D., and C. A. Holt. 1993. Experimental Economics. Princeton Univ. Press,
Princeton, NJ.
Delavaud, C., A. Ferlay, Y. Faulconnier, F. Bocquier, G. Kann, and Y. Chilliard. 2002.
Plasma leptin concentration in adult cattle: Effects of breed, adiposity, feeding
level, and meal in- take. J. Anim. Sci. 80:1317-1328.

74

Delavaud, C., F. Bocquier, Y. Chilliard, D. H. Keisler, A. Gertler, and G. Kann. 2000.
Plasma leptin determination in ruminants: Effect of nutritional status and body
fatness on plasma leptin concentration assessed by a specific RIA in sheep. J.
Endocrinol. 165:519-526.
Després, J. P. 2007. Cardiovascular disease under the influence of excess visceral fat.
Crit. Pathw. Cardiol. 6:51-59.
Devasker, S. U., R. V. Anthony, and W. W. Hay. 2002. Ontogeny and insulin regulation
of fetal ovine white adipose tissue leptin expression. Am. J. Physiol. 282:431-438.
Dicostanzo, A. and C. R. Dahlen. 2000. Grid Pricing as a Fed Cattle Marketing Strategy.
University of Minnesota, MN Cattle Feeders Rep. B-470.
Doglio, A., C. Dani, G. Fredrikson, P. Grimaldi, and G. Ailhaud. 1987. Acute regulation
of insulin-like growth factor-1 gene expression by growth hormone during
adipose cell differentiation. Embo. J. 6:4011-4016.
Du, M., J. X. Zhao, X. Yan, Y. Huang, L. V. Nicodemus, W. Yue, R. J. McCormick, and
M. J. Zhu. 2011. Fetal muscle development, mesenchymal multipotent cell
differentiation, and associated signaling pathways. J. Anim. Sci., 89:583-90.
Du., M., J. Tong, K. R. Underwood, M. Zhu, S. P. Ford, and P. W. Nathanielsz. 2010.
Fetal programming of skeletal muscle development in ruminant animals. J. Anim.
Sci. 88:51-60.
Duckett, S. K., J. G. Andrae, and F. N. Owens. 2002. Effect of high oil corn or added
corn oil on ruminal biohydrogenation of fatty acids and conjugated linoleic acid
formation in beef steers fed finishing diets. J. Anim. Sci. 80:3353-3360.

75

Duckett, S. K., S. L. Pratt, and E. Pavan. 2009. Corn oil or corn grain supplementation to
steers grazing endophyte-free tall fescue. II. Effects on subcutaneous fatty acid
content and lipogenic gene expression. J. Anim. Sci. 87:1120-1128.
Emerson, M. R., D. R. Woerner, K. E. Belk, and J. D. Tatum. 2013. Effectiveness of
USDA instrument-based marbling measurements for categorizing beef carcasses
according to differences in longissimus muscle sensory attributes. J. Anim. Sci.
91:1024-1034.
Etherton, T. D. and P. E. Walton. 1986. Hormonal and metabolic regulation of lipid
metabolism in domestic livestock. J. Anim. Sci. 63:76-88.
Etherton, T. D., E. H. Thompson, and C. E. Allen. 1977. Improved techniques for studies
of adipocyte cellularity and metabolism. J. Lipid Res.18:552-557.
Farmer, S.R. 2006. Transcriptional control of adipocyte formation. Cell Metab. 4:263273.
Farran, T. B., C. D. Reinhardt, D. A. Blasi, J. E. Minton, T. H. Elsasser, J. J. Higgins, and
J. S. Drouillard. 2008. Source of Dietary Lipid May Modify the Immune
Response in Stressed Feeder Cattle. J. Anim. Sci. 86:1382-1394.
Fluharty, F. L., S. C. Lorech, T. B. Turner, S. J. Moeller, and G. D. Lowe. 2000. Effects
of weaning age and diet on growth and carcass characteristics in steers. J. Anim.
Sci. 78:1759-1767.
Forman, B. M., P. Tontonoz, J. Chen, R. P. Brun, B. M. Spiegelman, and R. M. Evans.
1995. 15-Deoxy-∆12,14-prostaglandin J2 is a ligand for the adipocyte
determination factor PPARγ. Cell. 83:803-812.

76

French, P., E. G. O’Riordan, F. J. Monahan, P. J. Caffrey, M. T. Mooney, D. J. Troy, and
A. P. Moloney. 2001. The eating quality of meat of steers fed grass and/or
concentrates. Meat Sci. 57:379-386.
Freytag, S. O., and T. J. Geddes. 1992. Reciprocal regulation of adipogenesis by Myc and
C/EBPα. Science. 256:379-382.
Funston, R.N. 2004. Fat supplementation and reproduction in beef females. J. Anim. Sci.
82:154-161.
Gaillard, D., R. Negrel, M. Lagarde, and G. Ailhaud. 1989. Requirement and role of
arachidonic acid in the differentiation of preadipose cells. Biochem. J. 257:389397.
Garcia M. R., M. Amstalden, C. D. Morrison, D. H. Keisler, and G. L. Williams. 2003.
Age at puberty, total fat and conjugated linoleic acid content of carcass, and
circulating metabolic hormones in beef heifers fed a diet high in linoleic acid
beginning at 4 months of age. J. Anim. Sci. 81:261-268.
Garmyn A. J. and M. F. Miller. 2014. Implant and beta agonist impacts on beef
palatability. J. Anim. Sci. 92:10-20.
Gemmell, R. T. and G. Alexander. 1978. Ultrastructural development of adipose tissue in
foetal sheep. Aust. J. Biol. Sci. 31:505-515.
Gemmell, R. T., G. Alexander, A. W. Bell 1972. Morphology of adipose cells in lambs at
birth and during subsequent transition of brown to white adipose cells in cold and
in warm conditions. Am. J. Anat. 133:143-163.

77

Gesta, S., Y. H. Tseng, and C. R. Kahn. 2007. Developmental origin of fat: Tracking
obesity to its source. Cell 131:242-256.
Gillis, M. H., S. K. Duckett, and J. R. Sackmann. 2004. Effects of supplemental rumenprotected conjugated linoleic acid or corn oil on fatty acid composition of adipose
tissues in beef cattle. J. Anim. Sci. 82:1419-1427.
Goering, H. K., and P. J. Van Soest. 1970. Forage fiber analysis (apparatus,
reagents, procedures, and some applications). Agri. Handbook No. 379.
ARS- USDA, Washington, DC.
Goodson, K. J., W. W. Morgan, J. O. Reagan, B. L. Gwartney, S. M. Courington, J. W.
Wise, and J.W. Savell. 2002. Beef customer satisfaction: factors affecting
consumer evaluations of clod steaks. J. Anim. Sci. 80:401-408.
Gottlicher, M., E. Widmark, Q. Li, J. A. Gustafsson. 1992. Fatty acids activate a chimera
of the clofibric acid-activated receptor and the glucocorticoid receptor. Proc. Natl.
Acad. Sci. U.S.A. 89:4653-4657.
Graugnard, D. E., L. L. Berger, D. B. Faulkner, and J. J. Loor. 2010. High-starch diets
induce precocious adipogenic gene network up-regulation in longissimus
lumborum of early-weaned Angus cattle. Br. J. Nutr. 103:953-963
Green, H. and O. Kehinde. 1979. Formation of normally differentiated subcutaneous fat
pads by an established preadipose cell line. J. Cell Physiol. 101:169-172.
Green, H., M. Morikawa, and T. Nixon. 1985. A dual effector theory of growth-hormone
action. Differentiation. 29:195-198.

78

Green, S. 1995. PPAR: a mediator of peroxisome proliferator action. Mutat. Res.
333:101-109.
Gregoire, F. M., C. M. Smas, and H. S. Sul. 1998. Understanding adipocyte
differentiation. Physiol. Rev. 78:783-809.
Greiner, S. 2002. The relationship between marbling and intramuscular fat. Available at:
http://beef.osu.edu/beef/beefdec11.html. Accessed on: March 5, 2015.
Guller, S., R. E. Corin, K. Yuan-Wu, and M. Sonenberg. 1991. Upregulation of vinculin
expression in 3T3 preadipose cells by growth hormone. Endocrinol. 129:527-533.
Harper, G. S., and D. W. Pethick. 2004. How Might Marbling Begin? Aust. J. Exp.
Agric. 44:653-662.
Harper, G. S., D. W. Pethick, V. H. Oddy, R. K. Tume, W. J. Barendse, and L. Hygate.
2001. Biological determinants of intramuscular fat deposition in beef cattle:
current mechanistic knowledge and sources of variation. Meat and Livestock
Australia Project FLOT 208 Final Report, Sydney.
Harvey, R. W., J. C. Burns, T. N. Blumer, and A. C. Linnerud. 1975. Influence of Early
Weaning on Calf and Pasture Productivity. J. Anim. Sci. 41:740-746.
Hauner, H., and P. Schmid. Pfeiffer: Glucocorticoids and insulin promote the
differentiation of human adipocyte precursor cells into fat cells. 1987. J. Clin.
Endocrinol. Metab. 64:832-835.
Hausman, D. B., D. R. Campion, and R. J. Martin. 1980. Search for the adipocyte
precursor cell and factors that promote its differentiation. J. Lipid Res. 21:657670.

79

Hawkins, D. E., K. D. Niswender, G. M. Oss, C. L. Moeller, K. G. Odde, H. R. Sawyer,
and G. D. Niswender. 1995. An increase in serum lipids increases luteal lipid
content and alters disappearance rate of progesterone in cows. J. Anim. Sci.
73:541-545.
Hess, B. W., D. C. Rule, and G. E. Moss. 2002. High fat supplements for reproducing
beef cows: Have we discovered the magic bullet? Pages 59-83 in Proc. Pacific
Northwest Anim. Nutr. Conf., Vancouver, British Columbia, Canada.
Hess, B. W., E. J. Scholljegerdes, C. M. Murrieta, and D. C. Rule. 2007a. Long-chain
fatty acid flow to the duodenum of cattle fed limited amounts of forage plus
supplementary ruminally undegradable protein containing fishmeal. Proc. West.
Sect. Am. Soc. Anim. Sci. 58:320-324.
Hess, B. W., G. E. Moss, and D. C. Rule. 2007b. A decade of development in the area of
fat supplementation research with beef cattle and sheep. J. Anim. Sci. 86:188-204.
Heyman, R. A., D. J. Mangelsdorf, J. A. Dyck, R. B. Stein, G. Eichele, R. M. Evans, and
C. Thaller. 1992. 9-cis Retinoic acid is a high affinity ligand for the retinoid X
receptor. Cell. 68:397-406.
Ho, C. T., Y. C. Oh, and M. Bae-Lee. 1994. The flavour of pork. 2nd ed. Page 38-51 in F.
Shahidi (Ed.), Flavor of meat and meat products. London: Blackie Academic and
Professional.
Hogan, R., D. Anderson, and T. Schroeder. 2009. Grid Pricing of Fed Cattle. Texas
A&M University, AgriLife Extesnsion. E-557.

80

Hollenberg, A. N., V. S. Suslic, J. P. Madura, B. Zhang, D. E. Moller, P. Tontonoz, P.
Sarraf, B. M. Spiegelman, and B. B. Lowell. 1997. Functional antagonism
between CCAAT/Enhancer binding protein-alpha and peroxisome proliferatoractivated receptor-gamma on the leptin promoter. J. Biol. Chem. 272:5283-5290.
Hood, R L, and C E Allen. 1973. Cellularity of Bovine Adipose Tissue. 14: 605-610.
Hornstein, I. 1971. Chemistry of meat flavor. In The Science of Meat and Meat Products.
W. H. Freeman and Company, San Francisco, Calif.
Howlett, C. M., E. S. Vanzant, L. H. Anderson, W. R. Burris, B. G. Fieser and R. F.
Bapst. 2003. Effect of supplemental nutrient source on heifer growth and
reproductive performance, and on utilization of corn silage-based diets by beef
steers. J. Anim. Sci. 81:2367-2378.
Hu, E., P. Tontonoz, and B. M. Spiegelman. 1995. Transdifferentiation of myoblasts by
the adipogenic transcription factors PPAR gamma and C/EBP alpha. Proc. Natl.
Acad. Sci. 92:9856-9860.
Huang, Y., J. P. Schoonmaker, S. L. Oren, A. Trenkle, and D. C. Beitz. 2009. Calcium
salts of CLA improve availability of dietary CLA. Livest. Sci. 122:1-7.
Hwang, C. S., T. M. Loftus, S. Mandrup, and M. D. Lane. 1997. Adipocyte
differentiation and leptin expression. Annu. Rev. Cell Dev. Biol. 13:231-259.
Ibrahimi, A.; L. Teboul, D. Gaillard, E. Z. Amri, G. Ailhaud, P. Young, M. A.
Cawthorne, P. A. Grimaldi. 1994. Evidence for a common mechanism of action
for fatty acids and thiazolidinedi- one antidiabetic agents on gene expression in
preadipose cells. Mol. Pharmacol. 46:1070-1076.

81

Ijpenberg, A., E. Jeannin, W. Wahli, and B. Desvergne. 1997. Polarity and specific
sequence requirements of peroxisome proliferator-activated recptor
(PPAR)/retinoid X receptor heterodimer binding to DNA. A functional analysis of
the malic enzyme gene PPAR response element. J. of Bio. Chem. 272:2010820117.
Ingvartsen, K. L., and Y. R. Boisclair 2001. Leptin and the regulation of food intake,
energy homeostasis and immunity with special focus on periparturient ruminants.
Domest. Anim. Endocrinol. 21:215-250.
Issemann, I. and S. Green. 1990. Activation of a member of the steroid hormone receptor
superfamily by peroxisome proliferators. Nature. 374:645-649.
Japan Meat Grading System Association. 1988. New beef carcass grading standards.
Japanese Meat Grading System Association. Tokyo.
Jenkins, T. C. 1993. Lipid metabolism in the rumen. J. Dairy Sci. 76:3851-3863.
Jenkins, T. C., and D. L. Palmquist. 1984. Effect of fatty acids or calcium soaps on rumen
and total nutrient digestibility of dairy rations. J. Dairy Sci. 67:978-986.
Jeremiah, L. E., Z. L. Carpenter, G. C. Smith, and O. D. Butler. 1970. Beef quality. I.
Marbling as an indicator of palatability. Texas Agric. Exp. Sta. Tech. Rep. 22.
Texas A&M University, College Station.
Jost, L. K., C. A. Dinkel, and W. J. Costello. 1983. Beef tenderness and palatability as
influenced by chemical measures and quality yield grade factors. J. Anim. Sci.
56:1077-1087.

82

Kagel, J. H., and A. E. Roth. 1995. The Handbook of Experimental Economics. Princeton
Univ. Press, Princeton, NJ.
Karagiannides, I., T. Tchkonia, D. E. Dobson, C. M. Steppan, P. Cummins, G. Chan, K.
Salvatori, M. Hadzopoulou-Cladaras, and J. L. Kirkland. 2001. Altered expression
of C / EBP family members results in decreased adipogenesis with aging. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 280:1772-1780.
Kempster, A. J., A. Cuthbertson and G. Harrinton. 1976. Fat distribution in steer
carcasses of different breeds and crosses. I. Distribution between depots. Anim.
Prod. 23:25-34.
Killinger, K. M., C. R. Calkins, W. J. Umberger, D. M. Feuz, and K. M. Eskridge. 2004.
Consumer sensory acceptance and value for beef steaks of similar tenderness, but
differing in marbling level. J. of Anim. Sci. 82:3294-3301.
Kirkland J. L., T. Tchkonia, T. Pirtskhalava, J. Han, I. Karagiannides. 2002.
Adipogenesis and aging: does aging make fat go MAD? Experimental
Gerontology 37:757-767.
Klein, S., S. W. Coppack, V. Mohamed-ali, and M. Landt. 1996. Adipose tissue leptin
production and plasma leptin kinetics in humans. Diabetes. 45:984-987.
Kletzien, R. F.; S. D.Clarke, and R. G. Ulrich. 1992. Enhancement of adipocyte
differentiation by an insulin-sensitizing agent. Mol. Pharmacol. 41:393-398.
Kliewer S. A., K. Umesono, D. Noonan, R. Heyman, R. M. Evans. 1992. Convergence of
9-h retinoic acid and peroxisome proliferator signaling pathways through
heterodimer formation of their receptors. Nature. 358:771-774.

83

Kliewer, S. A., B. M. Forman, B. Blumberg, E. S. Ong, U. Borgmeyer, D. J.
Mangelsdorf, K. Umesono, and R. M. Evans. 1994. Differential expression and
activation of a family of murine peroxisome proliferator-activated receptors. Proc.
Nat. Acad. Sci. USA. 91:7355-7359.
Kliewer, S. A., J. M. Lenhard, T. M. Wilson, I. Patel, D. C. Morris, and J. M. Lehman.
1995. A prostaglandin J2 metabolite binds peroxisome proliferator-activated
receptor gamma and promotes adipocyte differentiation. Cell. 83:813-819.
Kliewer, S. A., S. S. Sundseth, S. A. Jones, P. J. Brown, G. B. Wisely, C. Koble, P.
Devchand, W. Wahli, T. M. Willson, J. M. Lenhard, and J. M. Lehmann. 1997.
Fatty acids and eicosanoids regulate gene expression through direct interactions
with peroxisome proliferator-activated receptors R and γ. Proc. Natl. Acad. Sci.
U.S.A. 94:4318-4323.
Kokkonen T., J. Taponen, S. Alasuutari, M. Nousiainen, T. Anttila, L. Syrjala-Qvist, C.
Delavaud, Y. Chilliard. M. Tuori, and A. T. Tesfa. 2002. Plasma leptin in
transition dairy cows. Effects of body fatness, ambient temperature and dietary
factors. In: Proceedings of the British Society of Animal Science Annual Meeting.
2002. Page 92.
Kubota T., Q. Zhang, J. L. Wrana, R. Ber, J. E. Aubin, W. T. Butler, and J. Sodek. 1989.
Multiple forms of SppI (secreted phosphoprotein, osteopontin) synthesized by
normal and transformed rat bone cell populations: regulation by TGF-beta.
Biochem. Biophys. Res. Commun. 162:1453-1459.

84

Kubota, N., Y. Teraucho, H. Miki, H. Tamemoto, T. Yamauchi, K. Komeda, S. Satoh, R.
Nakano, C. Ishii, Sugiyama, K. Eto, Y. Tsubamoto, A. Okuno, K. Murakami, H.
Sekihara, G. Hasegawa, M. Naito, Y. Toyoshima, S. Tanaka, K. Shiota, T.
Kitamura, T. Fujita, O. Ezaki, S. Aizawa, R. Nagai, K. Tobe, S. Kimura, and T.
Kadowaki. 1999. PPAR γ mediates high-fat diet-induced adipocyte hypertrophy
and insulin resistance. Mol. Cell. 4:597-609.
Lammoglia, M. A., R. A. Bellows, E. E. Grings, J. W. Bergman, R. E. Short, and M. D.
MacNeil. 1999b. Effects of feeding beef females supplemental fat during
gestation on cold tolerance in newborn calves. J. Anim. Sci. 77:824-834.
Lammoglia, M.A., R. A. Bellows, E. E. Grings, and J. W. Bergman. 1999a. Effects of
prepartum supplementary fat and muscle hypertrophy genotype on cold tolerance
in newborn calves. J. Anim. Sci. 77:2227-2233.
Landis, M. D., G. E. Carstens, E. G. McPhail, R. D. Randel, K. K. Green, L. Slay, and S.
B. Smith. 2002. Ontogenic development of brown adipose tissue in Angus and
Brahman fetal calves. J. Anim. Sci. 80:591-601.
Laster, D. B., H. A. Glimp, and K. E. Gregory. 1973. Effects of early weaning on
postpartum reproduction of cows. J. Anim. Sci. 36:734-740.
Ledger, H. P. 1959. A possible explanation for part of the difference in heat tolerance
exhibited by Bos taurus and Bos indicus beef cattle. Nature. 184:1405-1406.
Lee H. J., S. C. Lee, K. W. Kim, J. G. Park, and I. K. Han. 2000. Cellularity of adipose
tissue obtained from different sex and growth stages of Hanwoo cattle and sheep.
Asian-Aust. J. Anim. Sci. 13:155-160.

85

Lefterova, M. I. and M. A. Lazar. 2009. New developments in adipogenesis. Trends
Endo. Metab. 20:107-114.
Legako, J. F., J. C. Brooks, T. G. O’Quinn, T. D. J. Hagan, R. Polkinghorne, L. J.
Farmer, and M. F. Miller. 2015. Consumer palatability scores and volatile beef
flavor compounds of five USDA quality grades and four muscles. Meat
Sci.100:291-300.
Lehmann, J. M., L. B. Moore, T. A. Smith-Oliver, W. O. Wilkison, T. M. Willson, and S.
A. Kliewer. 1995. An antidiabetic thiazolidinedione is a high affinity ligand for
peroxisome proliferator-activated receptor γ (PPARγ). J. Biol. Chem. 270:295312956.
Leibel, R. L., N. K. Edens, and S. K. Fried. 1989. Physiologic basis for the control of
body fat distribution in humans. Annu. Rev. Nutr. 9:417-443.
Lessard, M., N. Gagnon, and H. V. Petit. 2003. Immune response of postpartum dairy
cows fed flaxseed. J. Dairy Sci. 86:2647-2657.
Lessard, M., N. Gagnon, D. L. Godson, and H. V. Petit. 2004. Influence of Parturition
and Diets Enriched in N-3 or N-6 Polyunsaturated Fatty Acids on Immune
Response of Dairy Cows during the Transition Period. J. Dairy Sci. 87:21972210.
Leury B. J., L. H. Baumgard, S. S. Block, N. Segoale, R. A. Ehrhardt, R. P. Rhoads, D.
E. Bauman, A. W. Bell, and Y.R. Boisclair. 2003. Effect of insulin and growth
hormone on plasma leptin in periparturient dairy cows. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 285:1107-1115.

86

Lin, F. T., and M. D. Lane. 1994. CCAAT/enhancer binding protein alpha is sufficient to
initiate the 3T3-L1 adipocyte differentiation program. Proc. Natl. Acad. Sci. USA.
91:8757-8761.
Long, N. M. and D. W. Schafer. 2013. Sex effects on plasma leptin concentrations in
newborn and postnatal beef calves. Prof. Anim. Sci. 29:601-605.
Long, N. M., G. M. Hill, J. F. Baker, W. M. Graves, M. A. Froetschel, D. H. Keisler, and
B. G. Mullinix, Jr. 2007. Reproductive performance of beef heifers supplemented
with corn gluten feed and rumen-protected fat before breeding. Prof. Anim. Sci.
23:316-324.
Long, N. M., T. A. Burns, S. K. Duckett, and D. W. Schafer. 2014. Reproductive
performance and serum fatty acid profiles of underdeveloped beef heifers
supplemented with saturated or unsaturated rumen bypass fat compared to an
isocaloric control. Prof. Anim. Sci. 30:502-509.
Long, S. D., and P. H. Pekala. 1996. Regulation of GLUT4 gene expression by
arachidonic acid. Evidence for multiple pathways, one of which requires
oxidation to prostaglandin E2. J. Biol. Chem. 271:1138-1144.
Lorenzen, C. L., T. R. Neely, R. K. Miller, J. D. Tatum, J. W. Wise, J. F. Taylor, M. J.
Buyck, J. O. Reagan, and J. W. Savell. 1999. Beef customer satisfaction: Cooking
method and degree of doneness effects on the top loin steak. J. Anim. Sci. 77:637644.

87

Loy, D., D. Maxwell, and G. Rouse, 1999. Effects of early weaning on beef calves on
performance and carcass quality. Iowa State Univ. Beef Res. Rep. AS 641,
Leaflet R1632, Ames. Page 22-24.
Lusby, K.S., R. P. Wettemann, and E. J. Turnman. 1981. Effects of early weaning calves
from first-calf heifers on calf and heifer performance. J. Anim. Sci. 53:1193-1197.
MacDougald, O. A and M. D. Lane. 1995. Transcriptional regulation of gene expression
during adipocyte differentiation. Annu. Rev. Biochem. 64:345-373.
MacLeod, G. 1994. The flavor of beef. Page 4-37 in F. Shahidi (Ed.), Flavor of meat and
meat products. Glasgow, UK: Blackie Academic and Professional.
Maia, M. R., L. C. Chaudhary, C. S. Bestwick, A. J. Richardson, N. McKain, T. R.
Larson, I. A. Graham, and R. J. Wallace. 2010. Toxicity of unsaturated fatty acids
to the biohydrogenating ruminal bacterium, Butyrivibrio fibrisolvens. BMC
Microbiol 10:52-62.
Massiera, F., P. Saint-Marc, J. Seydoux, T. Murata, T. Kobayashi, S. Narumiya, P.
Guesnet, E. Z. Amri, R. Negrel, and G. Ailhaud. 2003 Arachidonic acid and
prostacyclin signaling promote adipose tissue development: a human health
concern. J. Lipid Res. 44:271-279.
Matsuo, T., H. Takeuchi, H. Suzuki, and M. Suzuki. 2002. Body fat accumulation is
greater in rats fed a beef tallow diet than in rats fed a safflower or soybean oil diet
Asia Pac. J. Clin. Nutr. 11:302-308.
Matsuzawa, Y., T. Nakamura, I. Shimomura, and K. Kotani. 1995. Visceral fat
accumulation and cardiovascular disease. Obes Res. 5:645-647.

88

Mattos, R., C. R. Staples, and W. W. Thatcher. 2000. Effects of dietary fatty acids on
reproduction in ruminants. Rev. Reprod. 5:38-45.
May S. G., J. W. Savell, D. K. Lunt, J. J. Wilson, J. C. Laurenz, and S. B. Smith. 1994.
Evidence for preadipocyte proliferation during culture of subcutaneous and
intramuscular adipose tissues from Angus and Wagyu crossbred steers. J. Anim.
Sci. 72:3110-3117.
McKee, M., K. G. Kimple and L. Corah. 1977. Early weaning and creep feeding for
drylot calves. J. Anim. Sci. 45:8-12.
McPhee, M. J., J. W. Oltjen, J. G. Fadel, D. Perry, and R. D. Sainz. 2008. Development
and evaluation of empirical equations to interconvert between twelfth-rib fat and
kidney, pelvic, and heart fat respective fat weights and to predict initial conditions
of fat deposition models for beef cattle. J. of Anim. Sci. 86:1984-1995.
Mennecke, B. E., A. M. Townsend, D. J. Hayes, and S. M. Lonergan. 2007. A study of
the factors that influence consumer attitudes toward beef products using the
conjoint market analysis tool. J. Anim. Sci. 85:2639-2659.
Meyer, D. L., M. S. Kerley, E. L. Walker, D. H. Keisler, V. L. Pierce, T. B. Schmidt, C.
A. Stahl, M.L. Linville and E. P. Berg. 2005. Growth rate, Body composition, and
meat tenderness in early vs. traditionally weaned beef calves. J. Anim. Sci.
83:2752-2761.
Miller, C. W., and J. M. Ntambi. 1996. Peroxisome proliferators induce mouse liver
stearoyl-CoA desaturase 1 gene expression. Proc. Natl. Acad. Sci. USA 93:94439448.

89

Miller, M. F., L. C. Hoover, K. D. Cook, A. L. Guerra, K. L. Huffman, K. S. Tinney, C.
B. Ramsey, H. C. Brittin, and L. M. Huffman. 1995. Consumer acceptability of
beef steak tenderness in the home and restaurant. J. of Food Sci. 60:963-965.
Miller, M. F., M. A. Carr, C. B. Ramsey, K. L. Crockett, and L. C. Hoover. 2001.
Consumer thresholds for establishing the value of beef tenderness. J. of Anim.
Sci. 79:3062-3068.
Moallem, U., M. Kaim, Y. Folman, and D. Sklan. 1997. Effect of calcium soaps
of fatty acids and administration of somatotropin in early lactation on
productive and reproductive performance of high producing dairy cows.
J. Dairy Sci. 80:2127-2136.
Moddy, W. G., and R. G. Cassens. 1968. A quantitative and morphological study of
bovine logissimus fat cells. J. Food Sci. 33:47-52.
Moeller, R. J., and S. Courington. 1998. Branded Beef Study. Natl. Cattlemen’s Beef
Assoc., Englewood, CO.
Morris K. L., and M. B. Zemel. 2005. Effect of dietary carbohydrate source on the
development of obesity in agouti transgenic mice. Obes. Res 13:21-35.
Morrison, R. F. and S. R. Farmer. 1999. Role of PPARγ in regulating a cascade
expression of cyclin-dependant kinase inhibitors, p18 (INK4c), and p21 (WaflCip1), during adipogenesis. J. Biol. Chem. 274:17088-17097.
Murphy, E. J. 2006. Stable isotope methods for the in vivo measurement of lipogenesis
and triglyceride metabolism. J. Anim. Sci. 84:94-104.

90

Myers, S. E., D. B. Faulkner, F. A. Ireland, L. L. Berger, and D. F. Parrett. 1999.
Production systems comparing early weaning to normal weaning with or without
creep feeding for beef steers. 77:300-310.
Nafikov, R. A., and D. C. Beitz. 2007. Carbohydrate and lipid metabolism in farm
animals. J. Nutr. 137:702-705.
Nagy, L., P. Tontonoz, J. G. Alvarez, H. Chen, and R. M. Evans. 1998. Oxidized LDL
regulates macrophage gene expression through ligand activation of PPARgamma.
Cell. 93:229-240.
NAMP. 1988. The meat buyers guide. Natl. Assoc. of Meat Purveyors, Reston,
VA.
Neely, T. R., C. L. Lorenzen, R. K. Miller, J. D. Tatum, J. W. Wise, J. F. Taylor, M .J.
Buyck, J. O. Reagan, and J. W. Savell. 1998. Beef customer satisfaction: Role of
cut, USDA quality grade, and city on in-home consumer ratings. J. Anim. Sci.
76:1027-1033.
Neely, T. R., C. L. Lorenzen, R. K. Miller, J. D. Tatum, J. W. Wise, J. F. Taylor, M .J.
Buyck, J. O. Reagan, and J. W. Savell. 1999. Beef customer satisfaction: Cooking
method and degree of doneness effects on the top round steak. J. Anim. Sci.
77:653-660.
Negrel, R., D. Gaillard, and G. Ailhaud. 1989. Prostacyclin as a potent effector of adipose
cell differentiation. Biochem. J. 257:399-405.

91

Nelson, M. L., J. R. Busboom, C. F. Ross, and J. V. O’Fallon. 2008. Effects of
supplemental fat on growth performance and quality of beef from steers fed corn
finishing diets. J. Anim. Sci. 86:936-948.
Neville, Jr., W. E., T. B. Stewart and W. C. McCorminck. 1977. Comparison of number
nematode eggs from and performance of calves early-weaned with calves nursing
dams on pasture. J. Anim. Sci. 44:1119-1126.
Nour, A. Y. M., M. L. Thonney, J. R. Stouffer, and W. R. C. White Jr. 1983. Changes in
carcass weight and characteristics with increasing weight of large and small cattle.
J. Anim. Sci. 57:1154-1165.
NRC. 2007. Nutrient Requirements of Small Ruminants. Natl. Acad. Press. Washington,
DC.
Oddy, V. H., C. Smith, R. Dobos, G. S. Harper, and P. G. Allingham. 2000. Effect of
dietary protein content on marbling and performance of beef cattle. Meat and
Livestock Australia, Final Report of Project FLOT 210, North Sydney.
Okuno, M., K. Kajiwara, S. Imai, T. Kobayashi, N. Honma, T. Maki, K. Suruga, T. Goda,
S. Takase, Y. Muto, and H. Moriwaki. 1997. Perilla oil prevents the excessive
growth of visceral adipose tissue in rats by down-regulating adipocyte
differentiation J. Nutr. 127:1752-1757.
Pairault, J. and H. Green. 1979. A study of the adipose conversion of suspended 3T3 cells
by using glycerophosphate dehydrogenase as differentiation marker. Proc. Natl.
Acad. Sci. USA 76:5138-5142.

92

Park, P. W. and R. E. Goins. 1994. In situ Preparation of FAME for analysis of fatty acid
composition in foods. J. Food Sci. 59: 1262-1266.
Pavan, E., S. K. Duckett, and J. G. Andrae. 2007. Corn oil supplementation to steers
grazing endophyte-free tall fescue. I. Effects on in vivo digestibility, performance,
and carcass traits. J. Anim. Sci. 85:1330-1339.
Pearson, A. M. 1966. Desirability of beef-its characteristics and their measurement. J.
Anim. Sci. 25:843-854.
Petersen, R. K., C. Jorgensen, A. C. Rustan, L. Froyland, K. Muller-Decker, G.
Furstenberger, R. K. Berge, K. Kristiansen, and L. Madsen. 2003. Arachidonic
acid-dependent inhibition of adipocyte differentiation requires PKA activity and
is associated with sustained expression of cyclooxygenases. J. Lipid Res.
44:2320-2330.
Peterson, G. A., T. B. Turner, K. M. Irvin, M. E. Davis, and W. R. Harvey. 1987. Cow
and calf performance and economic considerations of early weaning of fall-born
beef calves. 64:15-22
Pethick, D. W. A., G. S. A. Harper, and V. H. A. Oddy. 2004. Growth , development and
nutritional manipulation of marbling in cattle : a review. Aust. J. Exp. Agric.
44:705-715.
Pickworth, C. L., S. C. Loerch, and F. L. Fluharty. 2012. Effects of timing and duration
of dietary vitamin A reduction on carcass quality of finishing beef cattle. J. Anim.
Sci. 90:2677-2691.

93

Pickworth, C. L., S. C. Loerch, S. G. Velleman, J. L. Pate, D. H. Poole, and F. L.
Fluharty. 2011. Adipogenic differentiation state-specific gene expression as
related to bovine carcass adiposity. J. of Anim. Sci. 89:355-366.
Pickworth, C.L. 2009. Investigation of dietary vitamin A for finishing beef cattle and
gene expression in bovine adipose tissue. Ph.D. Dissertation. The Ohio State
University, Columbus.
Plascencia, A., M. Estrada, and R. A. Zinn. 1999. Influence of free fatty acid content on
the feeding value of yellow grease in finishing diets for feedlot cattle. J. Anim.
Sci. 77:2603-2609.
Platter, W. J., J. D. Tatum, K. E. Belk, P. L. Chapman, J. A. Scanga, and G. C. Smith.
2003. Relationships of consumer sensory ratings, marbling score, and shear force
value to consumer acceptance of beef strip loin steaks. J. Anim. Sci. 81:27412750.
Platter, W. J., J. D. Tatum, K. E. Belk, S. R. Koontz, P. L. Chapman, and G. C. Smith.
2005. Effects of marbling and shear force on consumers’ willingness to pay for
beef strip loin. J. Anim. Sci. 83:890-899.
Plegge, S. D., R. D. Goodrich, S. A. Hanson, and M. A. Kirick. 1984. Predicting dry
matter intake of feedlot cattle. Proc. Minnesota Nutr. Conf. Page 56.
Prentice, A. M. 2001. Overeating: the health risks. Obes. Res. 9:234-238.
Price, E. O., J. E. Harris, R. E. Borgwardt, M. L. Sween, and J. M. Connor. 2003.
Fenceline contact of beef calves with their dams at weaning reduces the negative
effects of separation on behavior and growth rate. 81:116-121.

94

Purchas, R. W., D. L. Burnham, and S. T. Morris. 2002. Effects of growth potential and
growth path on tenderness of beef longissimus muscle from bulls and steers. J.
Anim. Sci. 80:3211-3221.
Rasby, R. 2007. Early Weaning Beef Calves. Vet. Clin. Food. Anim. 23:29-40.
Reist M., D. Erdin, D. von Euw, K. Tschuemperlin, H. Leuenberger, C. Delavaud, et al.
2003. Concentrate feeding strategy in lactating dairy cows: metabolic and
endocrine changes with emphasis on leptin. J. Dairy Sci. 86:1690-1706.
Ren, M. Q., J. Wegner, O. Bellman, G.A. Brockmann, F. Schneider, F. Teuscher, and K.
Ender. 2002. Comparing mRNA levels of genes encoding leptin, leptin receptor,
and lipoprotein lipase between dairy and beef cattle. Domest. Anim. Endocrinol.
23:371-381.
Richardson, A. T., T. G. Martin, and R. E. Hunsley. 1978. Weaning age of Angus heifer
calves as a factor influencing calf and cow performance. J. Anim. Sci. 47:6-14.
Robelin, J. 1981. Cellularity of bovine adipose tissues : developmental changes from 15
to 65 percent mature weight. J. of Lipid Res. 22:452-457.
Robelin, J. 1986. Growth of adipose tissues in cattle; partitioning between depots,
chemical composition and cellularity. A review. Livest. Prod. Sci. 14:349-364.
Robinson, O. W., M. K. M. Yusuff, and E. U. Dillard. 1978. Milk production in Hereford
cows I. means and correlations. J. Anim. Sci. 47:131-136.
Rodríguez de la Concepción, M. L. 2004. Adipocyte differentiation and factors regulating
mitochondrial biogenesis: Effect of antiretroviral drugs. Tesis de Doctorado.
Facultat de Biología, Universitat de Barcelona, España.

95

Rodríguez, V. M., M. T. Macarulla, E. Echevarría, and M. P. Portillo. 2003. Lipolysis
induced by leptin in rat adipose tissue from different anatomical locations. Eur. J.
Nutr. 42:149-153
Rosen, E. D. and B. M. Spiegelman. 2000. Molecular regulation of adipogensis. Annu.
Rev. Cell Dev. Biol. 16:145-171.
Rosen, E. D. and O. A. MacDouglad. 2006. Adipocyte differentiation from the inside out.
Nat. Rev. Mol. Cell Biol.7:885-896.
Rosen, E. D., P. Sarraf, A. E. Troy, G. Bradwin, K. Moore, D. S. Milstone, B. M.
Spiegelman, and R. M. Mortensen. 1999. PPARγ is required for the
differentiation of adipose tissue in vivo and in vitro. Mol. Cell. 4:611-617
Rosen, E.D. and B.M. Spiegelman. 2001. PPAR gamma: a nuclear regulator of
metabolism, differentiation, and cell growth. J. Biol. Chem. 276: 37731-37734.
Rubin, C. S., E. Lai and O. M. Rosen. 1977. Acquisition of increased hormone sensitivity
during in vitro adipocyte development. J. Biol. Chem. 252: 3553- 3557.
Ryan, D. P., B. Bao, M. K. Griffin, and G. L. Williams. 1995. Metabolic and luteal
sequelae to heightened dietary fat intake in undernourished, anestrous beef cows
induced to ovulate. J. Anim. Sci. 73:2086-2093.
Savell, J. W., Neely, T. R., C. L. Lorenzen, R. K. Miller, J. D. Tatum, J. W. Wise, J. F.
Taylor, M .J. Buyck, and J. O. Reagan. 1999. Beef customer satisfaction: Cooking
method and degree of doneness effects on the top sirloin steak. J. Anim. Sci.
77:645-652.

96

Savell, J.W., R. E. Branson, H. R. Cross, D. M. Stiffler, J. W. Wise, D. B. Griffin, and G.
C. Smith. 1987. National consumer retail beef study: Palatability evaluations of
beef loin steaks that differed in marbling. J. of Food Sci. 52:517-519.
Scanes, C. G. 2003. Adipose growth. Pages 186-213 in Biology of Growth of Domestic
Animals. C. G. Scanes, ed. Iowa State Press. Ames.
Scheffler, J. M., M. A. McCann, S. P. Greiner, H. Jiang, M.D. Hanigan, G. A. Bridges, S.
L. Lake, and D. E. Gerrard. 2014. Early metabolic imprinting events increase
marbling scores in fed cattle. J. Anim. Sci. 92: 320-32.
Schoonjans, K., B. Staels, and J. Auwerx. 1996. The peroxisome proliferator-activated
receptors (PPARS) and their effects on lipid metabolism and adipocyte
differentiation. Biochem. Biophys. Acta. 1302: 93-109.
Schoonjans, K., G. Martin, B. Staels, and J. Auwerx.1997. Peroxisome proliferatoractivated receptors, orphans with ligands and functions. Curt. Opin. Lipidol.
8:159-166.
Schoonmaker, J. P., F. L. Fluharty, and S. C. Loerch,. 2004a. Effect of source and
amount of energy and rate of growth in the growing phase on adipocyte cellularity
and lipogenic enzyme activity in the intramuscular and subcutaneous fat depots of
Holstein steers. J. Anim. Sci. 82: 137-148.
Schoonmaker, J. P., M. J. Cecava, D. B. Faulkner, F. L. Fluharty, H. N. Zerby, and S. C.
Loerch. 2003. Effect of source of energy and rate of growth on performance,
carcass characteristics, ruminal fermentation, and serum glucose and insulin of
early-weaned steers. J. Anim. Sci. 81:843-856.

97

Schoonmaker, J. P., M. J. Cecava, F. L. Fluharty, H. N. Zerby, and S. C. Loerch. 2004b.
Effect of source and amount of energy and rate of growth in the growing phase on
performance and carcass characteristics of early- and normal-weaned steers. J.
Anim. Sci. 82:273-282.
Schopfer, F. J., Y. Lin, P. R. Baker, T. Cui, M. Garcia-Barrio, J. Zhang, et al. 2005.
Nitrolinoleic acid: An endogenous peroxisome proliferator-activated receptor
gamma ligand. Proceedings of the National Academy of Sciences of the United
States of America. 102:2340-2345.
Sharman, E. D. 2012. Effects of nutrition and management practices on marbling
development by growing beef cattle. PhD Diss. Oklahoma State Univ., Stillwater.
Sidhu, R. S. 1979. Two dimensional electrophoretic analysis of proteins synthesized
during differentiation of 3T3-L1 preadipocytes. J. Biol. Chem. 254:11111-11118.
Siiteri, P. K. 1987. Adipose tissue as a source of hormones. Am. J. Clin. Nutr. 45:277282.
Sklan, D., M. Kaim, U. Moallem, and Y. Folman. 1994. Effect of dietary calcium soaps
on weight, reproductive hormones, and fertility in first parity and older cows. J.
Dairy Sci. 77:1652-1660.
Smas C. M. and H. S. Sul. 1995. Control of adipocyte differentiation. Biochem. J.
309:697-710.
Smith G. C., G. T. King, and Z. L. Carpenter. 1973. Anatomy. In Laboratory Exercises in
Elementary Meat Science, 2d ed. Kemp Publishing Company, Houston, Tex.

98

Smith S. B., and J. D. Crouse. 1984. Relative contributions of acetate, lactate and glucose
to lipogenesis in bovine intramuscular and subcutaneous adipose tissue. J. Nutr.
114:792-800.
Smith, G. C., Z. L. Carpenter, H. R. Cross, C. E. Murphey, H. C. Abraham, J. W. Savell,
G. W. Davis, B. W. Berry, and F. C. Parrish. 1984. Relationship of USDA
marbling groups to palatability of cooked beef. J. Food Qual. 7:289-308
Smith, G. C. 1972. Relationship of the cow-calf producer to the consumer. In
Commercial Beef Cattle Production. Lea and Febiger, Philadelphia, Pa.
Smith, G. C., and Z. L. Carpenter. 1974. Eating quality of animal products and their fat
content. Proceedings of the Symposium on Changing the Fat Content and
Composition of Animal Products. Washington, D.C.: National Academy of
Sciences.
Smith, G. C., J. W. Savell, H. R. Cross, Z. L. Carpenter, C. E. Murphey, G. W. Davis, H.
C. Abraham, F. C. Parrish, Jr., and B. W. Berry. 1987. Relationship of USDA
quality grades to palatability of cooked beef. J. Food Qual. 10:269-286.
Smith, G. C., J. W. Savell, J. B. Morgan, and T. E. Lawrence. 2006. Report of the JuneSeptember, 2005 National Beef Quality Audit: A new benchmark for the U.S.
beef industry. Pages 6-11 in Proc. Beef Improvement Federation 38th Annual
Research Symposium and Annual Meeting, Choctaw, MS.

99

Smith, G. C., J. W. Savell, J. B. Morgan, and T. H. Montgomery. 2000. NBQA 2000,
executive summary of the 2000 national beef quality audit. Centennial, CO:
Cattlemen’s Beef Promotion and Research Board, National Cattlemen’s Beef
Association.
Smith, R. E. and B. A. Horwitz. 1969. Brown fat and thermogenesis. Physiol. Rev.
49:330-425.
Soxhlet, F. 1879. Die gewichtsanalytische Bestimmung des Milchfettes. Dingler’s
Polytechnisches Journal. 232:461-465.
Spiegelman BM, and Green H. 1980. Control of specific protein biosynthesis during the
adipose conversion of 3T3 cells. J. Biol. Chem. 255:8811-8818.
Staples, C. R., J. M. Burke, and W. W. Thatcher. 1998. Influence of supplemental fats on
reproductive tissues and performance of lactating cows. J. Dairy. Sci. 81:856-871.
Story, C. E., R. J. Rasby, R. T. Clark, and C. T. Milton. 2000. Age of calf at weaning of
spring-calving beef cows and the effect on cow and calf performance and
production economics. 78:1403-1413.
Symonds, M. E., J. A. Bird, L. Clarke, J. J. Gate, and M. A. Lomax. 1995. Nutrition,
temperature and homeostasis during perinatal development. Exp. Physiol. 80:907940.
Takahashi, N., W. Waelput, Y. Guisez. 1999. Leptin is an endogenous protective protein
against the toxicity exerted by tumor necrosis factor. J. Exp. Med. 189:207-212.

100

Teboul, L., D. Gaillard, L. Staccini, H. Inadera, E. Z. Amri, and P. A. Grimaldi. 1995.
Thiazolidinediones and fatty acids convert myogenic cells into adipose-like cells.
J. Biol. Chem. 270:28183-28187.
Tontonoz, P., E. Hu, and B. M. Spiegelman. 1994b. Stimulation of adipogenesis in
fibroblasts by PPARγ2, a lipid-activated transcription factor. Cell. 79:1147-1156.
Tontonoz, P., E. Hu, J. Devine, E. G. Beale, and B. M. Spiegelman. 1995. PPAR gamma
2 regulates adipose expression of the phosphoenolpyruvate carboxykinase gene.
Mol. Cell. Biol. 15:351-357.
Tontonoz, P., E. Hu, R. A. Graves, A. I. Budavari, and B. M. Spieglman. 1994a. mPPAR
gamma 2: tissue-specific regulator of an adipocyte enhancer. Genes Dev. 8:12241234.
Tontonoz, P., R. A. Graves, A. I. Budavari, H. Erdjument-Bromage, M. Lui, E. Hu, P.
Tempst, and B. M. Spiegelman. 1994c. Adipocyte-specific transcription factor
ARF6 is a heterodimeric complex of two nuclear hormone receptors, PPARγ and
RXRα. Nucleic Acids Res. 22:5628-5634.
Tuersunjiang, N., J. F. Odhiambo, N. M. Long, D. R. Shasa, P. W. Nathanielsz, S. P.
Ford. 2013. Diet reduction to requirements in obese/overfed ewes from early
gestation prevents glucose/insulin dysregulation and returns fetal adiposity and
organ development to control levels. Am. J. Physiol. 305:868-878.
USDA. 1997. United States standards for grades of carcass beef. Agricultural Marketing
Service, USDA, Washington, DC.

101

Van Nevel, C. J., and D. I. Demeyer. 1995. Lipolysis and biohydrogenation of soybean
oil in the rumen in vitro: Inhibition by antimicrobials. J. Dairy Sci. 78:2797-2806.
Van Nevel, C. J., and D. I. Demeyer. 1996. Influence of pH on lipolysis and
biohydrogenation of soybean oil by rumen contents in vitro. Reprod. Nutr. Dev.
36:53-63.
Vannier, C., D. Gaillard, P. Grimaldi, E. Z. Amri, P. Djian, C. Cermolacce, C. Forest, J.
Etienne, R. Negrel, and G. Ailhaud. 1985. Adipose conversion of ob17 cells and
hormone-related events. Int. J. Obes. 1:41-53.
Vassaux, G., D. Gaillard, G. Ailhaud, and R. Negrel. 1992. Prostacyclin is a specific
effector of adipose cell differentiation: its dual role as a cAMP- and Ca2'elevating agent. J. Biol. Chem. 267:11092-11097.
Vernon R. G. 1981. Lipid metabolism in the adipose tissue of ruminants. In ‘Lipid
metabolism in ruminant animals’. (Ed. WW Christie) Pages 279-362. (Pergamon
Press: Oxford, UK)
Vidal-Puig, A., M. Jimenez-Linan, B. B. Lowell, A. Hamann, E. Hu, B. M. Spiegelman,
J. S. Flier, and D. E. Moller. 1996. Regulation of PPARγ gene expression by
nutrition and obesity in rodents. J. Clin. Invest. 97:2553-2561.
Voss, T., R. Schiltz, M. H. Sung, P. Yen, J. Stamatoyannopoulos, S. Biddie, T. Johnson,
T. Miranda, S. John, and G. Hager. 2011. Dynamic exchange at regulatory
elements during chromatin remodeling underlies assisted loading mechanism.
Cell 146:54-554.

102

Wang, Y. H., N. I. Bower, A. Reverter, S. H. Tan, N. De Jager, R. Wang, and S. M.
McWilliam. 2009. Gene expression patterns during intramuscular fat development
in cattle. J. Anim. Sci. 87:119-130.
Wegner J., E. Albrecht, and K. Ender. 1998. Morphological aspects of subcutaneous and
intramuscular adipocyte growth in cattle. Arch Tierz Dummerstorf 41:313-320.
Weir, C. E. 1960. Palatability characteristics of meat. In The Science of Meat and Meat
Products. W. H. Freeman and Company, San Francisco, Calif.
Whitney, M. B., B. W. Hess, L. A. Burgwald-Balstad, J. L. Sayer, C. M. Tsopito, C. T.
Talbott, and D. M. Hallford. 2000. Effects of supplemental soybean oil level on in
vitro digestion and performance of prepubertal beef heifers. J. Anim. Sci. 78:504514.
Whittier, J. 1995. Time of weaning and cow condition. In: Rush I, editor. Proc., Range
Beef Cow Symposium XIV. Gering, NE. Page 92-104.
Williams, D. B., R. L. Vetter, W. Burroughs, and D. G. Topel. 1975. Effects of ration
protein level and diethylstilbestrol implants on early-weaned beef bulls. J. Anim.
Sci. 41:1525-1531.
Williams, D. R. 1978. Partition and distribution of fatty tissues. In: H. Deboer and J.
Martin (Ed.). Patterns of Growth and Development in Cattle. Page 219-229.
Nijhoff, The Hague.

103

Williams, G. L., and R. L. Stanko. 1999. Dietary fats as reproductive nutraceuticals in
beef cattle. J. Anim. Sci. Available:
http://www.asas.org/jas/symposia/proceedings/0915.pdf. Accessed: April 19,
2015.
Wood, J. D. 1990. Consequences for meat quality of reducing carcass fatness. Page 344
in Reducing fat in meat animals. J. D. Wood and A. V. Fisher, eds. Elsevier
Applied Science, London,UK.
Wood, J. D., R. I. Richardson, G. R. Nute, V. Fisher, M. M. Campo, E. Kasapidou, P. R.
Sheard, and M. Enser. 2004. Effects of fatty acids on meat quality: a review. Meat
Sci. 66:21-32.
Wu, Z., N. L. Bucher, and S. R. Farmer. 1996. Induction of peroxisome proliferatoractivated receptor gamma during the conversion of 3T3 fibroblasts into
adipocytes is mediated by C/EBPbeta, C/EBPdelta, and glucocorticoids. Mol.
Cell. Bio. 16:4128-4136.
Wu, Z., O. A. Ohajurukaa, and D. L. Palmquist. 1991. Ruminal synthesis,
biohydrogenation, and digestibility of fatty acids by dairy cows. J. Dairy Sci.
74:3025-3034.
Wu, Z., Y. Xie, N. L. R. Bucher, and S. R. Farmer. 1995. Conditional ectopic expression
of C/EBPb in NIH-3T3 cells induces PPARg and stimulates adipogenesis. Genes
Dev. 9:2350-2363.

104

Xu, H. E., M. H. Lambert, V. G. Montana, D. J. Parks, S. G. Blanchard, P. J. Brown, D.
D. Sternbach, J. M. Lehmann, G. B. Wisely, T. M. Willson, S. A. Kliewer, and M.
V. Milburn. 1999. Molecular recognition of fatty acids by peroxisome
proliferator- activated receptors. Mol. Cell. 3:397-403.
Yeh, W. C., Z. Cao, M. Classon, and S. L. McKnight. 1995. Cascade regulation of
terminal adipocyte differentiation by three member of the C/EBP family of
leucine zipper proteins. Genes & Dev. 9:168-181.
Yu, K.; W. Bayona, C. B. Kallne, H. P. Harding, C. P. Ravera, G. McMahon, M. Brown,
and M. A. Lazar. 1995. Differential activation of peroxisome proliferatoractivated receptors by eicosanoids. J. Biol. Chem. 270:23975-23983.
Zhu, Y., Q. Chao, J. R. Korenberg, X. N. Chen, D. Noya, M. S. Rao, and J. K. Reddy.
1995. Structural organization of mouse peroxisome proliferator- activated
receptor γ (mPPARγ) gene: Alternative promoter use and different splicing yield
two mPPARγ isoforms. Proc. Natl. Acad. Sci. 92:7921-7925.
Zinn, R. A. 1989. Influence of level and source of dietary fat on its comparative feeding
value in finishing diets for steers: Feedlot cattle growth and performance. J.
Anim. Sci. 67:1029-1037.
Zinn, R. A., and A. Plascencia. 1996. Effects of forage level on the comparative feeding
value of supplemental fat in growing-finishing diets for feedlot cattle. J. Anim.
Sci. 74:1194-1201.

105

Zinn, R. A., and A. Plascencia. 2004. Influence of level and method of supplementation
on the utilization of supplemental fat by feedlot steers. J. Anim. Vet .Adv. 3:470474.
Zinn, R. A., E. G. Alvarez, and A. Plascencia. 1998. Influence of method of
supplementation on the utilization of supplemental fat by feedlot steers. Proc.
West. Sect. Am. Soc. Anim. Sci. 49:291-296.
Zinn, R. A., S. K. Gulati, A. Plascencia, and J. Salinas. 2000. Influence of ruminal
biohydrogenation on the feeding value of fat in finishing diets for feedlot cattle. J.
Anim. Sci. 78:1738-1746.

106

